Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




■> (2 yy^'^/^^^^ 



-ty 



&j^ 



X 






■/■■' 



2L' 



HISTOBY 



OF 



SCIENTIFIC IDEAS. 



VOLUME I. 



PRINTED BY C. J. CLAY, M.A. 
AT THE UNIYEBSIT7 PRESS. 



HISTORY 



OP 



SCIENTIFIC IDEAS. 



By WILLIAM WHEWELL, D,D., 

MASTEB OF TBUOTT COLLEOE, CAMBRIDGE, AND 
COBBESFOKDINO MEMBEB OF THE INBTITX7TE OF FBANCE. 



BEING THE FIRST PART OF THE PHILOSOPHY 
OF THE INDUCTIVE SCIENCES. 



TEE THIRD EDITION, 
IN TWO VOLUMES. 




AAMHAAIA EX0NTE2 AIAA020Y2IN AAAHA0I2. 

VOLUME L 

J) 

LONDON: 
JOHN W. PARKER AND SON, WEST STRAND. 

1858. 



PREFACE TO THIS EDITION. 



THE Chapters now offered to the Beader -were 
formerly published as a portion of The Philosophy 
of the Inductive Sciences, founded upon their History: 
but the nature and Bubject of these Chapters are more 
exactly described by the present title, The History 
of Scientific Ideas. For this part of the work la 
raainly historical, and was, in fact, collected from the 
body of scientific literature, at the same time that 
the History of the Inductive Sciences was so collected. 
The pr^ent work contains tlie history of Science so 
far as it depends on Ideas; the former work contains 
the same history so far as it is derived from Obaer- 
vation. The leading features in that were Theories 
inferred from Facts; ths leading features of this are 
Discussions of Theories tending to make them con- 
sistent with the conditions of human thought. 

The Ideas of which the History is here given are 
mainly the following: 

Space, Time, Nwrnber, Motion, Comae, Force, Mat- 
ter, Medium, InteTisily, Scale, Polarity, Element, Affi- 
nity, Substance, Atom, Symmetry, lAkeneas, Natural 
Classes, Species, Life, Funciimi, Vital Forces, Final 



Caugea, Higtorical Caseation, Catastrophe arid Uni- 
formity, First Cause. 

The controTersiea to ■wMch the exact fixation of 
these Ideas and their properties have given occasion 
form a large and essential part of the History of 
Science ; but they also form an important part of 
the Philosophy of Science, for no Philosophy of Sci- 
ence can be complete which does not solve the 
difficulties, antitheses, and paradoxes on whicii such 
controversies have turned. I have given a survey 
of finch controversies, generally carried from their 
earliest origin to their latest aspect; and have stated 
what appeared to me the best solution of each pro- 
blem. This has necessarily involved me in much 
thorny metaphysics; but such metaphysics is a neces- 
sary part of the progress of Science. Tlie human mind 
deriving its knowledge of Truth from the observation 
of nature, cannot evade the task of determining at 
every step how Truth ia consistent with itself This 
is the Metaphysics of Progressive Knowledge, and tbia 
is the matter of this present History. 

Of the remaining part of what was formerly pub- 
lished as the Philosophy of the Inductive Sciences, 
an additional part, described in the Introduction to 
the present work, will shortly be published. 



TsraiiT Losei, 
May 14, I 
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INTRODUCTION. 



THE Philosophy of Science, if the phrase were to 
be understood in the comprehensive sense which 
most naturally offers itseJf to our thoughts, would 
imply nothing leas than a complete insight into the 
essence and conditions of all real knowledge, and an 
exposition of the beat methods for the discovery of 
new truths. We must narrow and lower thia concep- 
tion, ia order to mould it into a form in which we 
may make it the immediate object of our labours with 
a, good hope of auccess; yet still it may be a rational 
and useful undertaking, to endeavour to make some 
advance towards such a Philosophy, even according to 
the most ample conception of it which we can form. 
The present work has been written with n view of 
contributing, in some measure, however small it may 
b^ towards such an undertaking. 

But in this, aa in every attempt to advance beyond 
the position wliich we at present occupy, our hope of 
success must depend mainly upon our being able to 
profit^ to the fiillest extenl^ by the progress already 
"e. We may best hope to understand the nature 
and conditions of real knowledge, by studying the nature 
and conditions of the most certain and stable portions 
F knowledge which we already possess : and we are 
most likely to leam the best methods of discovering 
truth, by examining how truths, now universally re- 
cognized, have really been discovered. Now there do 
exist among us doctrines of solid and acknowledged 
certainty, and truths of which the discovery has been 
L received with universal applause. These constitute 
[ what we commonly term Sciences; and of these bodies 
I of exact and enduring knowledge, we have within our 
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reach so large and varied a collection, that we may I 
examine them, and the histoiy of their formation, I 
■with a good proapect of deriving firom the study such 1 
instruction aa we seek. We may best hope to make 1 
some progress towards the Philosophy of Science, by 
employing ourselves upon The pHELoaopmr < 



The SoieTiceg to which the name is most commonly 
and unhesitatingly given, are those which are con- 
cerned alKmt the material world; whether they deal 
with the celestial bodies, as the sun and stars, or the 
earth and its products, or the elements ; whether they 
consider the differences which prevail among such ob- 
jects, or their origin, or their mutual operation. And 
in ijl these Sciences it is familiarly understood and 
assumed, that their doctrines are obtained by a common 
process of collecting general truths from particular 
observed facta, which process is termed Indiiotion. It 
is further assumed that both in these and in other pro- 
vinces of knowledge, so long as this process is duly 
and legitimately performed, the results will be real 
substantial truth. And although this process, with the 
conditions under which it is legitimate, and the gene- 
■ ral laws of the formation of Sciences, wiU hereafter be 
subjects of discussion in this work, I shaU at present 
so fer adopt the assumption of which I speak, as to 
give to the Sciences from which our lessons are to be 
collected the name of iTiduelive Sciences. And thus 
it is that I am led to deaigmite my work as The Phi- 
LoaopHY OP THE InDucrrvE Sciences. 

The views respecting the nature and progress of 
knowledge, towards which we shall be directed by such 
a courae of inquiry as I have pointed out, though de- 
rived from those portions of human knowledge whicli 
Hia more peculiarly and technically termed Sciences, 
will by no means be confined, in their bearing, to the 
domain of such Sciences as deal with the material 
world, nor even to the whole range of Sciences now 
exiating, Oo the contrary, we shall be led to believe 
that the nature of truth is in all subjects the same, and 
that its diBOOvery involves, in all cases, the like condi* 
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tiona. On one subject of human q)eculation after an- 
other, man's knowledge asaumea that exact and substan- 
tial character which leads lis to term it Saisnt^a; and in 
all these caaes, whether inert matter or living bodies, 
whether permaoent relations or successive occurrences, 
be the subject of our attention, we can point out cer- 
tain universal oharacterB which belong to truth, certain 
general laws which have regulated its progress among 
men. And we naturally expect that, even yfhea we 
extend our range of speculation widef still, when we 
contemplate the world within us as well as the world 
without us, when we consider the thoughts and actions 
of men as well as the motions and operations of unin- 
telligent bodies, we shall still find some general analo^ 
gies which belong to the essence of truth, and run 
through the whole intellectual universe. Hence we 
have reason to trust that a just Philosophy of the Sci- 
ences may throlv light upon the natui-e and extent of 
our knowledge in every department of human specula- 
tion. By considering what is the real import of our 
acquisitions, where they are certain and definite, we 
may learn something respecting the difference between 
true knowledge and its precarious or illusory sem- 
blances; by examining the steps by which such acqui- 
sitions have been made, we may discover the conditions 
under which truth is to be obtained; by tracing the 
boundary-line between our knowledge and our ignor- 
ajice, we may ascertain in some measure the extent of 
the powers of man's understanding. 

Bat it may be said, in such a deingn there is nothing 
new; these are objects at which inquiring men have 
often before aimed. To determine the difference be- 
tween real and imaginftry knowledge, the conditions 
under which we arrive at truth, the range of the 
powers of the human mind, has been a favourite em- 
ployment of speculative men from the earliest to the 
most recent times. To inquire into the original, cer- 
tainty, and compass of man's knowledge, the limits of 
his capacity, the strength and weakness of his reason, 
has been the professed purpose of many of the most 
conspicuous and valued labours of the pliilosophers of 



all periods np to our own day. It may appear, there- 
fore, that there is little necessity to add one more to these 
numerous essays ; and little hope that any new attempt 
will make any very important addition to the Htorea of 
thought upon such queationa, which have been accu- 
mulated by the profoundest and acutest thinkers of all 

To this I reply, that without at all disparaging the 
value or importance of the labours of those who have 
previously writfen respecting the foundations and con- 
ditions of human knowledge, it may still be possible to 
add something to what they have done. The writings 
of all great philosophers, up to our own time, form 
a series which is not yet terminated. The boots and 
systems of philosophy which have, each in its own 
time, won the admiration of men, and exercised a 
powerful influence upon their thoughts, have had each 
ita own part and functions in the intellectual history of 
the world ; and other labours which shall succeed these 
may also have their proper office and useful effect We 
may not be able to do much, and yet atill it may be in 
our power to effect something. Perhaps the very , 
advances made by former inquirers may have made it 
possible for us, at present, to advance still further. In 
the discoveiy of truth, in the development of man's 
mental powers and privileges, each generation has its 
assigned part ; and it is for us to endeavour to perform 
our portion of this perpetual task of our species. Al- 
though the terms wiiich describe our undertaking may 
be the same which have often been employed by pre- 
vious writers to express their purpose, yet our position 
is different from theirs, and thus the result may be 
different too. We have, as they had, to run our ap- 
propriate course of speculation with the exertion of 
our best powers; but our course lies in a more advanced 
part of tiie great line along which Philosophy travels 
from age to age. However famUiar and old, therefore, 
be the design of such a work as this, the execution 
may have, and if it be performed in a manner suitable 
to the tim^ will have, something that is new and not 
unimportant. 
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Indeed, it appears to be absolutely necessary, iu 
order to check tie prevalence of grave and pernicious 
eiTOur, that the doctrines which are taught concerning 
the foundations of human knowledge and the powers 
of the human mind, should be &om time to time re- 
vised and corrected or extended. Erroneous and par- 
tial views are promulgated and accepted; one portion 
of the truth is insisted upon to the undue exclusion of 
another; or principles true in themselves are exagge- 
rated till they produce on men's minds the effect of 
falsehood. When evlla of this kind have grown to a 
Berious height, a Reform is requisite. The faults of 
the existing systems must be remedied by correcting 
what is wrong, and supplying what is wanting. In 
such cases, all the merits and excellencies of the labours 
of the preceding times do not supersede the necessity 
of putting forth new views suited to the emergency 
which has arrived. The new form which errour liaa 
aaanmed makes it proper to endeavour to give a new 
and corresponding form to truth. Thus the mere pro- 
gress of time, and the natural growth of opinion from 
one stage to another, leads to the production of new 
systems and forma of philosophy. It will be found, I 
think, that some of the doctrines now most widely 
prevalent respecting the foundations and nature of 
tnith are of such a kind that a Keform is needed. 
The present age seems, by many indications, to be 
called upon to seek a sounder Philosophy of Know- 
ledge than is now current among us. To contribute 
towards such a Pbilosophy is the object of the present 
work. The work is, therefore, like all works which 
take into accoimt the moat recent forms of speculative 
doctrine, invested with a cei-tain degree of novelty in 
its aspect and import, by the mere time and circum- 
stances of its appearance. 

But, moreover, we can point out a very important 
peculiarity by which this work is, in its design, distin- 
guished from preceding essays on like subjects ; and this 
difference appears to be of such a kind as may well 
entitle us to expect some substantial addition to our 
a the result of our labours. Tlie peculiarity 
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of wliicli I apeak lias already been announced; — it is 
this : that we purjiose to collect our doctrines concern- 
ing the nature of knowledge, and the best mode of 
acquiring it, from a contemplation of the Structure 
and History of those Sciences (the Material Sciences), 
which are universally recognized ns the clearest and 
surest examples of knowledge and of discoverj'. It is 
by surveying and studying the whole mass of auch 
Sciences, and the various steps of their progress, that 
pe to approach to the true Philosophy of 



Kow this, I venture to say, is a new method of pur- 
suing the philosophy of human knowledge. Those who 
have hitherto endeavoured to explain the nature of 
knowledge, and the process of discovery, have, it ia true, 
often illustrated their views by adducing apecial exam- 
plea of truths which they conceived to be established, 
and by referring to the mode of their establishment. 
But these examples have, for the most part, been taken 
at random, not selected according to any principle or 
system. Often they have involved doctrines so preca- 
rious or so vague that they confused rather than eluci- 
dated the Bubject; and instead of a single difficulty, — 
What is the nature of Knowledge! these attempts at 
illustration introduced two, — ^Wbat was the true analy- 
sis of the Doctrines thus adduced ! and, — Whether they 
might safely be taken as types of real Knowledge! 

This has usually been the case when there have 
been adduced, as standaid examples of the formation 
of human knowledge, doctrines belonging to supposed 
sciences other than the material sciences; doctrines, for 
example, of Political Economy, or Philology, or Morals, 
or the Philosophy of the Fine Arts. I am very far 
from thinking that, in regard to such subjects, there axe 
no important truths hitherto established : but it would 
seem that those truths which have been obtainefl in 
these provinces of knowledge, have not yet been fixed 
by means of distinct and permanent phraseology, and 
sanctioned by universal reception, and formed into a 
connected system, and traced through the steps of their 
gradual discovery and establishment, so as to make 
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them instructive examplea of the nature and progresH 
of truth in genera]. Hereafter we trust to be able to 
show that the progress of moral, aad political, aud phi- 
lological, and other knowledge, is governed by the same 
laws as that of phjwcal science. But since, at present, 
the former class of subjects are full of controvergy, doubt, 
and obscurity, while the latter consist of undisputed 
truths clearly understood and expressed, it may be con- 
tddered a wise procedure to make the latter daas of 
doctrines the basis of our speculations. And on the 
having taken this course, is, in a great measure, my 
hope founded, of obtaining valuable truths which have 
escaped preceding inquirers. 

But it may be said that many preceding writers on 
the nature and progress of knowledge have taken their 
examples abundantly irom the Physical Sciences. It 
would be easy to point out admirable works, which have 
appeared during the present and former generations, in 
which instances of discovery, borrowed from the Physi- 
cal Sciences, are introduced in a manner most happily 
instructive. And to the works in which this hns been 
done, I gladly give my most cordial admiration. But at 
the same time I may venture to remark that there still 
remains a difference between my design and theirs ; and 
that I use the Physical Sciences as exemplifications of 
the genera] progress of knowledge in a manner very 
materially different from the course which is followed 
in works such aa are now referred to. For the conclu- 
sions stated in the present work, respecting knowledge 
and discovery, ore drawn from a connected and sy*(e- 
■matic Bvrvey of the lekole range of Fhygical Science artd 
its History; whereas, hitherto, philosophers have con- 
tented themselves with adducing detached examples of 
scientific doctrines, drawn fit)m one or two deptutmente 
of science. So long as we select our examples in this 
arbitrary and limited manner, we lose the best part of 
that philosophical instruction, which the sciences are 
fitted to afford when we consider them as all members 

me series, and as governed by rules which are the 
same for all. Mathematical and chemical truths, phy- 
sical and physiological doctrines, the sciences of classifi- 
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cation and of causation, must alike be taken into 
account, in order that we may learn w 
ral characters of real knowledge. When our conclusions 
assume so comprehemiire a shape that they apply to a 
range of aubjects ao vast and varied as these, we may 
feel 80me confidence that they represent the genuine 
form of universal and permanent truth. But if our 
exemplification is of a narrower kind, it may easily 
cramp and disturb our philosophy. We may, for in- 
stance, render our views of truth and its evidence so 
rigid and confined as to be quite worthless, by founding 
them too much on the contemplation of mathematical 
truth. We may overlook some of the most important 
steps in the general course of discovery, by fixing our 
attention too exclusively upon some one conspicuous 
group of discoveries, as, for instance, those of Newton. 
We nlay misunderstand the nature of physiological 
discoveries, by attempting to force an analogy between 
them and discoveries of mechanical laws, and by not 
attending to the intermediate sciences which fill up the 
vast interval between these extreme terms in the series 
of material sciences. In these and in many other 
ways, a partial and arbitrary reference to the material 
sciences in our inq^uiiy into human knowledge may 
mislead as; or at least may fail to give us those wider 
views, and that deeper insight, which should result 
from a systematic study of the whole range of sciences 
with this particular object. 

The design of the following work, then, ia to form a 
Philosophy of Science, by analyzing the substance and 
examining the progress of the eadsting body of the 
sciences. As a preliminary to this undertaking, a sur- 
vey of the histoiy of the sciences was necessary. This, 
accordingly, I have already performed; and the result 
of the labour thus undertaken has been laid before the 
public as a HUtory of the Inductive Sciences. 

In that work I have endeavoured to trace the steps 
by which meu acquired each main portion of that 
Imowledge on which they now look with so much 
confidence and satis&ctioa. The events which that 
History relates, the Ecpeculatdons and controversies 
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which are there described, and disouaaions of the same 
Mnd, far more extenaive, which are there omitted, 
must all be taken into ovir account at present, as the 
prcmiDent and standard examples of the circumstances 
which attend the progress of knowledge With bo 
much of real historical fact before us, we may hope to 
avoid such viewB of the processee of the hnraau mind 
aa are too partial and limited, or too vagne and loose, 
or too abstract and unsubstantial, to represent litly the 
real forms of discovery and of truth. 

Of former attempts, made with the same view of 
tracing the conditions of the progress of knowledge, 
that of Bacon is perhaps the most conspicuous ; and 
his labours on this subject were opened by his book 
on the Advaneemenl of Learning, which contains, 
among other matter, a surrey of the then, existing 
state of knowledge. But this review waa undertaken 
rather with the object of ascertaining in what quarters 
future advances were to be hoped for, than of learning 
by what means they were to be made. His examina- 
tion of the domain of human knowledge was conducted 
rather with the view of discovering what remained 
undone, than of finding out how ho much had been 
done. Bacon's survey waa made for the purpose of 
tracing the boundaries, rather than of detecting the 
principles of knowledga ' I will now attempt,' he 
says', 'to make a general and faithful perambulation 
of learning, with an inquiry what ports thereof lie 
fresh and waste, and not improved and converted by 
the industry of man ; to the end that such a plot made 
and recorded to memory, may both minister light to 
any pnblie designation, and also serve to excite volun- 
tary endeavours.' Nor will rt be foreign to our scheme 
also hereafter to examine with a like purpose the fron- 
tier-line of man's intellectual estate. But the object 
of our perambulation in the first place, is not so much 
to determine the extent of the field, as the sources of 
its fertility. We would learn by what plan and rules 
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of culture, conspiring with the native forces of the 
Tjounteoua soil, those rich harveste have been produced 
which fill ovir gamers. Bacon's maximg, on the other 
hand, respectiiig the mode in which he conceived that 
knowledge was thenceforth to be cultivated, have little 
reference to the feilures, still leas to the Hiiccesses, 
which are recorded in his Review of the learning of 
his tima His precepts are connected with Ida histori- 
cal views in a. slight and unessential manner. TTia 
Philosophy of the Sciences in not collected from the 
Sciences which are noticed in his survey. Nor, in 
truth, could this, at the time when he wrote, have 
eaeily been otherwise. At that period, scarce any 
liranch of physics existed as a science, except Astro- 
nomy. The rules which Bacon gives for the conduct 
of scientific researches are obtained, as it were, by divi- 
nation, from the contemplation of subjects with regard 
to which no sciences as yet were. His instances of 
steps rightly or wrongly made in this path, are in a 
great measure cases of his own deviHing, He could 
not have exemplified his Aphorisms by references to 
treatises then extant, on the laws of nature ; for the 
constant burden of his exhortation is, that men up to 
his time had almost universally followed an erroneous 
course. And however we may admire the sagacity 
with which he pointed the way along a better path, 
we have this great advantage over him; — that we can 
interrogate the many travellers who since his time 
have journeyed on this road. At the present day, 
when we have under our notice so many sciences, 
of Buch wide extent, so well established J a Philoso- 
_ phy of the Sciences ought, it must seem, to be found- 
_ Ad, not upon conjecture, but upon an examination of 
fj" instances; — should not consist of a few vague 
I wad unconnected maxims, difficult and doubtful in 
r Uieir application, but should form a system of which 
I iBvery part has been repeatedly confirmed and veri- 
I fied. 

This accordingly it is the purpose of the present 
work to attempt. But I may further observe, that as 
my hope of making any progress in this undertaking is 
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founded upon the desiga of keeping constantly in view 
the "whole result of the paat history and present oon- 
dition of science, I have also been led to draw my les- 
sons &om my examples in a manner more Byatenmtic 
and regular, as appears to me, than has been done by 
preceding writers. Bacon, as 1 have just said, was led 
to his roaxioiB for the promotion of knowledge by the 
sagacity of his own mind, with little or no aid from 
previous examples. Succeeding philesophera may often 
have gathered useful instruction from the instances of 
scientific tmtha and discoveries which they adduced, 
but their conclusions were drawn ftwm their instances 
oaauaJly and arbitrarily. They took for their moral 
any which the story might suggest. But such a pro- 
ceeding as this cuimot suffice for ua, whose aim is to 
obtain a consistent body of philosophy from a contem- 
plation of the whole of Science and its History. For 
our purpose it is necessary to resolve scientific truths 
into their conditions and ingredients, in order that we 
may see in what manner each of these has been and is 
to be provided, in the cases which we may have to 
consider. This accordingly is necessarily the first part 
of our task ; — to anaiyee Scientific Truth into its Ele- 
mmiU. This attempt will occupy the earlier portion 
of the present work ; and will necessarily be somewhat 
long, and perhaps, in many parts, abstruse and unin- 
viting. The risk of such an inconvenience is inevit- 
able; for the inquiry brings before us many of the 
most dark and entangled questions in which men 
have at any time busied themselves. And even if 
these can now be made clearer and plainer than of 
yore, still they can be made so only by means of men- 
tal discipline and mental effort. Moreover this anaiy- 
nis of scientific truth into its elements contains much, 
both in its principles and in its results, different fe^m 
the doctrines most generally prevalent among us in 
recent times : but on that very account this analysis is 
an essential part of the doctrines which I have now to 
lay before the reader : and I must therefore crave his 
indulgence towards any portion of it which may ap- 
pear to him obscure or repulsive. 



14 PHILOSOPHY OP INDUCTIVE SCIENCES. I 

There is another circumstance which maj tend to 
make the present work less pleasing thaji others on the 
same subject, in the nature of the esamplee of human 
knowledge to which I confine myself; all my instances 
, being, as I have said, taken &om the material sciences. 
For the truths belonging to these sciences are, for the 
most part, neither so familiar nor so interesting to the 
bulk of r^wiers as those doctrines wMch belong to some 
other Bnbjecta. Every general proposition concerning 
politics or morals at once stjra up an interest in men's 
bosoms, which makes them, listen with curiosity to the 
I attempts to traoe it to its origin and foundation. Every 
rule of art or language brings before the mind of culti- 
vated men subjects of familiar and agreeable thought, 
and is dwelt upon with pleasure for its own sake, as 
well as on account of the philosophical lessons which it 
may convey. But the curiosity which regards the 
truths of physics or chemistry, or even of physiology 
or astronomy, is of a more limited and less animated 
kind Hence, in the mode of inquiry which I have 
prescribed to myself the examples which 1 have to 
adduce will not amuse and relieve the reader's mind 
as much as they might do, if I could allow myself 
to collect them from the whole field of human know- 
ledge. They will have in them nothing to engage 
his fancy, or to warm his heart I am compelled to 
detain the listener in the chilly air of the external 
world, in order that we may have the advantage of 
full daylight. 

But although I cannot avoid this inconvenience, so 
iar as it is one, I hope it will be recollected how great 
are the advantages which we obtain by this restriction. 
We are thus enabled to draw all our coneluaions from 
doctrines which are universally allowed to be emi- 
nently certain, clear, and definite. The portions of 
knowledge to which I refer are well known, and well 
established among men. Their names are familiar, 
their assertions uncontested. Astronomy and Geology, 
Mechanics and Chemistry, Optics and Acoustics, Bo- 
tany and Physiology, are each reoogniaed as large and 
substantial collections of undoubted truths. Men are 



I 



INTRODUCTION. 15 

wont to dvell with, pride and triumph, on the acquisi' 
tions of kno'wledge which have been made in each of 
these provinces ; and to speak with confidence of the 
certainty of their reaulta And all can easily learn in 
what repositoriea these treaaures of human knowledge 
are to be found. When, therefore, we begin our in- 
quiry from such examples, we proceed upon a solid 
foundation. With such a clear ground of confidence, 
we shall not be met with general assertions of the 
vagueness and uncertainty of human knowledge ; with 
the question, What truth is, and How we are to re- 
cognize it; with complaints concerning the hopeless- 
ness and unprofitableness of such researches. We have, 
at least, a definite problem before us. We have to 
extunine the structure and scheme, not of a shapeless 
maea of incoherent materials, of which we doubt 
■whether it be a ruin or a natural wilderness, but of 
B Ikir and lofty palace, still erect and tenanted, where 
hundreds of different apartments belong to a common 
plan, where eveiy generation adds something to the 
ejctent and magnificence of the pile. The certainty 
and the constant progress of science are things so un- 
questioned, that we are at least engaged in an intel- 
ligible inquiry, when we are esamiuing the grounds 
and nature of that certainty, the causes and laws of 
that progress. 

To this inquiry, then, we now proceed. And in 
entering upon this task, however our plan or our prin- 
ciplea may differ fiDm those of the eminent philosophers 
who have endeavoured, in our own or in former times, 
to illustrate or enforce the philosophy of science, we 
most willingly acknowledge them as in many things 
our leaders and teachera Each reform must involve 
its own peculiar principles, and the result of our at- 
tempts, so far as they lead to a result, must be, in some 
respects, different from those of former works. But 
we may still share with the great writers who have 
treated this subject before us, their spirit of hope and 
trust, thar reverence for the dignity of the subject, 
tiieir belief in the vast powers and boundless destiny 
lan. And we may once more venture to use the 



words of Iiopeful exhortation, witli which the greatest I 
of tlkoae who have trodden this jjath encouraged him- .J 
self and his foUowera ■when, he set out upon h' 

' Concerning ouraelves we speak not; but as touch- I 
ing the matter which we have in hand, this we ask ; — 1 
that men deem it not to be the setting up an Opinion, 
but the performing of a Work ; and that they receive 
this as a certainty ; that we are not Inying the founda- 
tions of any sect or docbine, but of the profit and 
dignity of mankind. Furthermore, that being well 
disposed to what shall advantaf^e themaelves, and put- 
ting off factions and pi'ejudicea, they take common 
counsel with uB, to the end that being by these our 
aida and appliances &eed and defended li'om wander^ 
ings and impediments, they may lend their hands also I 
to the labours which remain to be peiformed : and yet I 
further, that they be of good hope; neither imagine I 
to themselves this our Eeform as something of infinite <1 
dimension, and beyond the grasp of mortal man, when I 
in truth it is the end and true limit of infinite e 
and is by no means uniuindfiJ of the condition o 
tality and humanity, not confiding that such a tiling I 
can be carried to its perfect close in ' 
single age, but assigning it as a task t 



[The Philosophy of the Inductive Sciences, accord- 
ing to our view, must be founded upon the History of | 
such Sciences ; which history we have attempted i 
former work. The events of that history may be de- 
scribed generally as the rise of Theories out of Facts. 
But besides this, which we may term the external his- 
toiy of Theories, there is an internal history of Theories, 
namely, the series of steps by which the human mind | 
becomes capable of forming each Theory. Hence to I 
complete the History of the Sciences as derived from 
Facts, we require a history of the Ideas by which such 
derivation has been made possible : and thus, the First 
Part of our Philosophy must be a Bistory of Scientific 
Ideas; — a labour no less historical than our former 
work, and concerned with the same events ; but which 
hsfl been purposely kept separate during the composi- 
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tion, in order tliat it might be afterwards presented in 
a more systematic form, which I have here attempted 
to do. 

Scientific Ideas are the Conditions of the derivation 
of Sciences from Facts : but can any method or methods 
be giyen by which such a Derivation can be ensured, or 
at least) aided? Many such methods have been pro- 
posed; of which the most celebrated is the Novum 
Orga/non of Bacon, of which the title was intended to 
imply that its scope goes much beyond the Orgomon of 
Anstotle. With the experience of the formation of 
Science which the world has had since Bacon's time, it 
does not appear presumptuous to suppose that we can 
now improve or correct his methods; nor to term such 
an attempt Novum Organon Renovatum, 

The Philosophy of the Inductive Sciences, then, 
contains these two parts, The History ofSdefniific Ideas, 
and the Novu/m Organon Eenovatum,'] 



VOI* L 



THE 



PHILOSOPHY 



OF THE 



INDUCTIVE SCIENCES. 



PART I. 



HISTORY OF SCIENTIFIC IDEAS. 



SWe liave just spoken of Theories and Facta, of Ideas 
[ Facts, and of Inductive Sciences, which imply the 
opposition of Induction and Deduction. The explanar 
tion of these antitheses must be the starting point of 
our Philosophy.] 
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[Knowledge grows, and] through the ages one increasing pur- 
pose runs. 

And the thoughts of men are widen'd with the process of the 
Suns. 



BOOK I. 



OF IDEAS IN GENERAL. 



Quse adhiic inventa sunt in Scientiis, ea hujusmodi sunt ut 
Notionibus Vulgaribus fere subjaceant : ut vero ad interiora et 
remotiora Naturae penetretur, necesse est ut tam Notiones 
quam Axiomata magis cert& et munitlt vi& a particularibus 
abstrabantur ; atque omnino melior et certior intellecttls adope- 
ratio in usum yeniat. 

Bacon, Nov. Org,, Lib. i. Aphor. xviii. 
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CHAPTER I. 

Of the Fundamektal Antithesis of Philosophy. 
Set:l. i.—T/touff/ttg and Things. 

IN order that we may do sometlimg towards deter- 
mining the nature and conditions of hunura. taow- 
ledge, (which I have already stated as the purpose of thia 
work,) I shall have t« refer to an antitheais or opposi- 
tion, which is tamiliar Mid generally recognized, and in 
which the distinction of the t hi ng" opposed to each 
other is commonly considered very clear and plain. I 
shall have to attempt to make this opposition sharper 
and stronger than it is usually conceived, and yet to 
shew that the distinction is fer from lieing so clear and 
definite aa it is usually assMmed to be : I shall have to 
point the contrast, yet shew that the things which are 
contrasted cannot be separated ;— I must explain that 
the antitheais is constant and essential, but yet that 
there is no fixed and permanent line dividing its mem- 
bers. I may thus appear, in different parts of my 
dJHeussion, to be proceeding in opposite directions, but 
I hope that the reader who givra me a patient attention 
will see that both steps lead to the point of view to 
which I wish to lead him. 

The antithesis or opposition of which I speak is 
denoted, with various modifications, by various pairs of 
terms; I shall endeavour to shew the connexion of these 
different modes of expression, and I will begin with that 
form which is the simplest and most idiomatic. 
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The simplest and most idiomatic expresaion of the 
antitheaia to which I refer is that in which we oppose 
to each other Things and THOUGHxa. The opposition 
ia familiar and plain. Our thoughts are something 
■which belongs to oursalTes; something which takes 
place within us; they are what toe think; they axe ac- 
tions of our minds. Thinga, on the contrary, are aoBne- 
thing different from ourselvea and independent of na; 
something which is without us; thoyore; we see them, 
touch them, and thus know that they exist; but we do 
not make them by seeing or touching them, as we make 
oui- Thoughts by thinking them ; we are paasive^ and 
Things act upon our organs of perceptdon. 

Saw what I wish especially to remark is this : that 
in all human Knowledhe both Tlioughts and Thinga 
are concerned. In every part of my knowledge there 
must be aome thing about which I know, and an inter- 
nal act of jrte who know. Thua, to take simple yet 
definite parts of our knowledge, if I know that a aolar 
year conaiats of 365 daya, or a lunar month of 30 daya, 
I know something about the aun or the moon ; namdy, 
that those objects perform certain revolutions and go 
through certain chfuiges, in those numbers of daya ; but 
I count such numbers and conceive such revolutions 
and changes by acta of ray own thoughts. And both 
these elements of my knowledge are indispensabla If 
there were not auch external Thinga aa the sun and 
the moon I could not have any knowledge of the pro- 
greas of time as marked by them. And however regu- 
lar were the motions of tiie sun and m.oon, if I could 
not count their appearances and combine their changes 
into a cycle, or if I could not understand this when 
done by other men, I could not know anything about a 
year or a month. In the former case I might Vte con- 
ceived as a human being, possessing the human powers 
of thinking and reckoning, but kept in a dark world 
■with nothing t« mark the progress of existence. The 
latter ia the caae of brute animals, which see the aun 
and moon, but do not know how many daya make a 
month or a year, because they have not human powers 
of thinking and reckoning. 
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The two elements which are essential to our know- 
ledge in the above cases, are necessary to li mn an know- 
ledge in all cases. In al] cases, Knowledge implies a 
combination of Thoughts and Tilings. Without this 
combination, it would not be Knowledge. Without 
Thoughts, there could be no connexion; without Things, 
there'could be no reality. Thoughts and Things are ao 
intimately combined in our Knowledge, that we do not 
look upon them, as distinct. One single act of the 
mind involves them both; and their contrast disap- 
pears iu their imion. 

But though Knowledge requires the union of these 
two elements, Philosophy requires the separation of 
them, in order that the nature and structure of Know- 
ledge may be seen. Therefore I begin by considering 
this separation. And I now proce^ to speak of an- 
other way of looking at the antithesis of which I have 
spoken; and which I may, for the reasons which I have 
just mentioned, call tlie ruNDAMEMTAL Ahtithesib of 

PHnX)BOPHT. 

Sect. 2. — Kecesaa/ry and Experiential TnUha. 

Mostt persouiS are &miliar with the distinction of neces- 
sary and contingent truths. The former kind are 
Truths which cannot but be true; an that 19 and 11 
make 30; — that parallelograma upon the same base and 
between the same parallels are equal; — that all the 
angles in the same segment of a circle are equal. The 
latter are Truths which it happens {contingit) are true ; 
but which, for anything which we can see, might have 
been otherwise; as that a lunar mouth contains 30 
days, or that the stars revolve in circles round the pole. 
The latter kind of Truths are learnt by experience, and 
hence we may call them TnUhs of Experimice, or, for 
the sake of convenience, Sa^eriential Truths, in con- 
trast with Necessary Truths. 

Gfeometrical propositions are the most manifest ex- 
amples of Necessary Truths. AH persons who have 
read and understood the elementa of geometry, know 
tliat the propoaitiona above stated (thot parallelograms 
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upon the same base and Victween. tlie same parallels 
are equal ; tLat all the anglea in the same sE^ment of a 
circle are e(jaal,)are necessftrily true; not only they ore 
trae, but they imiat be true. The meaning of the terms 
being understood, and the proof being gone through, 
the truth of the propositions mnat he Assented to. We 
learn these propositions to be true by denionatrations 
deduced from, definitions and axioms; and when we 
have thus learnt them, we see that they could not be 
otherwise. In the same manner, the tJTiths which con- 
cern numbers are necessary trutjis : 19 and 1 1 not only 
do mate 30, but miist make that number, and cannot 
make anything else. In the same manner, it ir a neces- 
sary trutii that half the sum of two numbers added to 
half their difference ia equal to the greater number. 

It is easy to find esamples of Experiential Truths; — 
propositions which we know to be true, but know by 
experience only. We know, in this way, that salt will 
dissolye in water ; that plants cannot live without light ; 
— in short, we know in this way all that we do know 
in chemistry, physiology, and the material sciences in 
general. I take the Sciences as my e^samples of human 
knowledge, rather than the common truths of daily life, 
or moral or political truths ; because, though the latter 
are more generally interesting, the former are much 
more definite and certain, and therefore better storting- 
pointa for our speculations, as I have already said. And 
we may take elementary astronomical truths as the 
most familiar examples of Experiential Truths in the 
domain of scieuca 

With these examples, the distinction of Necessary 
and Experiential Truths is, I hope, clear. The former 
kind, we see to be true by thinking about them, and 
see that they could not be otherwise. The latter kind, 
men could never have discovered to be true without 
looking at them ; and having so discovered them, etiLl no 
one will pretend to say they might not have been othei^ 
wise. For aught we can see, the aatronomical truths 
which express the motions and periods of the aun, 
moon and stars, might have been otherwise. If we had 
been placed in another part of the solar system, our ex- 
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periential trutha respecting days, years, and tho motions 
of the heavenly bodies, would have been other than 
they are, as we know from astronomy itaelf. 

It is evident that this distinction of Necessary 
and Experiential Truths involves the same antithesis 
which we have already considered ; — the antithesis of 
Thoughts and Things. Neceasaty Truths are derived 
from our own Thoughts ; Experiential truths are de- 
rived from our observation of Things about ns. The 
opposition of Necessary and Experiential Truths is 
another aspect of the Fundamental Antithesis of Phi- 
losophy, 

Sect. 3. — Dedibction and Induction. 

I HATE fdready stated that geometrical truths axe esta- 
blished by demonstrations deduced from definitions 
and ajdoms. The term Deduction is specially applied 
to such a course of demonstration of tniths ftwm defi- 
nitions and axioms. In the case of the parallelograms 
upon the same base and between the same parallels, we 
prove certain triangles to be equal, by supposing them 
placed so that their two bases have the same extremi- 
ties; and hence, referring to an Axiom respecting 
straight lines, we infer that the bases coincide. We 
combine these equal triangles with other equal spaces, 
Emd in this way make up both the one and the other of 
the parallelograms, in such a manner as to shew that 
they are equal. In this manner, going on step by step, 
deducing the equality of the triangles frvm the axiom, 
and the equality of the parallelograms from that of the 
triangles, we travel to the conclusion. And this pro- 
cess of Hucceasive deduction is the scheme of aU geome- 
trical proof. We begin with Definitions of the notions 
which we reason about, and with Axioms, or self-evident 
truths, respecting these notions ; and we get, by rea- 
soning from these, other truths which are demonstra- 
tively evident ; and from these truths again, others of 
the same iind, and so on. We begin with our own 
Thoughts, which supply us with Axioms to start from ; 
and we reason from these, till we come to propositions 
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-whicli are applicable to the TliingH about us ; as for 
instance, the propoHitions respecting circles and sphereB 
applicable to the motions of the heavenly bodies. Thia 
is Deduction, or DediKtive Heatoning. 

Esperiential truths are acquired in a very different 
way. In. order to obtain such truths, we b^jn 'with 
Things. In order to learn how many days there are in 
a year, or in a lunar month, we must begin by observing 
the sun and the moon. We must observe their changes 
day by day, ajid try to make the cycle of change fit into 
some notion of number which we supply from our own 
Thoughts. We shall find that a cycle of 30 days nearly 
■will fit the cliangea of phase of the moon ; — that a cycle 
of 365 days nearly will fit the changes of daily motion 
of the sun. Or, to go on to experiential truths of 
which the discovery comes within tbe limits of the his- 
tory of science — we shall find {as Hipparchus found) 
that the unequal motion of the sun among the stars, 
such as observation shews it to bo, may be fitly repre- 
sented by the notion of an ecccnlrie; — a circle in which 
the sun has an equable annual motion, the spectator 
not being in the center of the circle. Again, in the 
game manner, at a later period, Eepler started from 
more exact observations of the sun, Mid compared them 
with a supposed motion in a certain ellipse ; and was 
able to shew that, not a circle'about an eccentric point, 
but an ellipse, supplied the mode of conception which 
truly agreed with the motion of the sun about the 
earth ; or rather, as Copernicus had already shewn, of 
the earth about the sun. In such cases, in which 
truths are obtained by beginning from observation of 
external things and by finding some notion with which 
the Things, as observed, agree, the truths are said to 
be obtained by Induction. The process is an Inductive 
Process. 

The contrast of the Deductive and Inductive pro- 
cess is obvious. In the former, wo proceed at each step 
from general truths to particular applications of them j 
in the latter, from particular obs^vations to a general 
truth which includes them. In the former case we 
mav be said to reason doumvxirds, in the latter case, 
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vpvxwds; for general notiona are conceived oa atand- 
ing above particulftrs. Necessary truths are proved, 
like arithmetical Buma, by adding together the portions 
of which they conaiBt. An inductive truth is proved, 
lite the guess which answers a riddle, by its agreeing 
with the facts described. Demonstration is irresistible 
in its effect on the belief, but does not produce surprize, 
because all the steps to the conclusion are exhibited, 
before we arrive at the conclnsion. Inductive infM'- 
eECe is not demonstrative, hut it is often more striking 
than demonstrative reasoning, because the intermediate 
links between the particulars and the inference are not 
shewn. Deductive truths are the results of relations 
among our own Thoughts. Inductive truths are rela- 
tions which we discern among existing Things ; and 
thus, this opposition of Deduction and Induction is 
again an aspect of the Fundamental Antithesis already 
spoken of. 

Sect. 4. — Theoriea and Facte. 

Gbnebaii experiential Truths, such as we have just 
spoken of, are called Theories, and the particular obser- 
vations fix)m which they are collected, and which 
they include and explain, are called Facts. Thus Hip- 
parehus's doctrine, that the son moves in an eccentric 
about the earth, is his Theory of the Sun, or the Eccen- 
tric Theory. The doctrine of Kepler, that the Earth 
moves in an Ellipse about the Sun, is Kepler's Theory 
of the Earth, the Elliptical Theory. Newton's doctrine 
that this elliptical motion of the Earth about the Sun 
is produced and governed by the Sun's attraction upon 
the Earth, is the Newtonian theory, the Theory of 
Attraction. Each of these Theories was accepted, be- 
cause it included, connected and explained the Facts; 
the Facts being, in the two former cases, the motions 
of the Sun as observed; and in the other case, the 
elliptical motion of the Earth as known by Kepler's 
Theory. This antithesis of TJieory and Fad is included 
in what has just been said of Inductive Propositions. 
A Theory is an Inductive Proposition, and the Facte 
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are the particular observationa from which, as I have 
said, Buch ProjioaitionB are inferred by Induction. The 
Antithetda of Theory and Fact implies the fimdamea- 
tal Antithesis of Thought^) and Things; for a Theory 
(that is, a true Theory) may be described as a Thought 
which ia contemplated distinct from Things and seen 
to agree with them ; while a Fact is a combination of 
our Thoughts with Tilings in so complete agreemeut 
that we do not regard them as separate. 

Thus the antithesis of Theory and Fact involves the 
antithesis of Thoughts and Things, but is not identical 
with it. Facts involve Thoughts, for we know Facts 
only by thinking about them. The Fact that the year 
conaista of 365 days; the Fact that the month consists 
of 30 days, cannot be known to us, except W9 have the 
Thoughte of Time, Humber and Recurrence. But theae 
Thoughts are eo familiar, that we have the fact iu our 
mind as a simple Thing without attending to the 
Thought which it involves. When we mould our 
Thoughts into a Theory, we consider the thought aa 
distinct troja the Facts ; but yet, though distinct, not 
independent of them ; for it ia a true Theory, only by 
including and agreeing with the Facte. 



Sect. 5.— 






We have juat seen that the antithesis of Theory and 
Fact, ^though it involves the antithesis of Thoughte 
and Things, is not identical with it There are other 
modes of expression also, which involve the same Fun- 
damental Antithesis, more or less modified. Of these, 
the pair of words which in their relations appear to 
separate the members of the antithesiB moat distinctly 
are Ideas and Sensations. We see and hear and touch 
external things, and thus perceive them by our senses; 
but in perceiving them, we connect the impressions of 
sense according to relations of apace, time, number, 
likeness, cause, &c. Kow some at least of these kinds 
of connexion, as space, time, number, may be contem- 
plated distinct fi-om the things to which they are ap- 
plied; and so contemplated, I tei-m them Jdeoi. And 
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the other eleuent, the impreiisioiis upon our senses 
vhich they cnimect, are called Sensations. 

X term space, time, cause, &c., Ideas, because they 
are goseral relations omosg our sensations, apprehended 
by an act of the mind, not by the senses simply. These 
relations involve something beyond what the senses 
^one could fumiah. By the sense of sight we see 
various shades and colours and shapes before us, but 
the outlv/ies by which they are separated into distinct 
objects of definite forma, are the work of the mind 
itsel£ And again, when we conoeive visible things, 
not only as surfaces of a certain form, hut as solid 
bodies, placed at various distances in space, we again 
exert an act of the mind upon them. Whea we see a 
body move, we see it move in a path or orbit, but this 
orbit is not itself seen; it ia constructed by the mind. 
In like manner when we see the motions of a needle 
towards a magnet, we do not see the attraction or force 
which produces the effects; but we infer the force, by 
having in our minds the Idea of Cause. Such acta of 
thought, such Ideas, enter into our perceptions of ex- 
ternal things. 

But though our perceptions of external things in- 
volve some act of the mind, they must involve something 
else besides an act of the mind. If we must esereiae 
an act of thought in order to see force exerted, or orbits 
described by bodies in motion, or even in order to see 
bodies exislung in space, and to distinguish one kind of 
object from another, still the act of thought alone does 
not mate the bodies. There must be something besides, 
on which the thought is exerted. A colovtr, a form, a 
sound, are not produced by the mind, however they 
may be moulded, combined, and interpreted by our 
mental acts. A philosophical poet has spoken of 

All the world 
Of eya and ear, both what they half create, 
And vhat perceire. 

But it is clear, that though they haif create, they do 
not wholly create : there must be an external world of 
colour and sonud to give impressions to the eye and 
ear, aa well as internal powers by which we perceive 



irhat is offered to our organs. The mind i 
way passive as weU as active : there are objects without 
as well as faculties within ;—Sea3atioiis, as well aa acta 
of Thought 

Indeed tlii« is so far generally acknowledged, that 
according to conunon apprehension, the mind is passive 
rather than active in acquiring the knowledge which it 
receives concerning the material world. Its sensations 
are generally considered more distinct than its opera- 
tions. The ■world without is held to be more clearly 
real than the fitcultiea within. That there is something 
different from ourselves, something external to us, 
independent of us, something which no act 
r minds can make or can destroy, is held by all 
men to be at least as evident, as that our minds can 
exert any effectual process in modi^Tng and appre- 
ciating the impressions made upon them. Most per- 
sons are more likely to doubt whether the mind be 
always actively applying Ideas to the objects which it 
perceives, than whether it perceive them passively by 



But yet a little consideration will show us that an. 
activity of the mind, and an activity according to cer- 
tain Ideas, is req\iisite in all our knowledge of external 
objects. We see objects, of various solid forms, and at 
varions distances from us. But we do not thus perceive 
them by sensation alone. Our visual impressions can- 
not, of themselves, convey to us a knowledge of solid 
form, or of distance from us. Such knowledge is in- ■ 
ferred from what we see : — inferred by conceiving the 
objects as existing in space, and by applying to them 
the Idea of Space. Again ; — day after day passes, till 
they make up a year ; but we do not know that the 
days are 365, except we count them; and thus apply 
to them our Idea of Number. Again ; — we see a needle 
drawn to a magnet : but, in truth, the draimng is what 
we cannot see. We see the needle move, and infer the 
attraction, by applying to the fact our Idea of Force, 
as the cause of motion. Again ; — we see two trees of 
different kinds ; but we cannot know that they are so, 
except by applying to them oar Idea of the resemblance 
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and difference wliich makes kinds. And thus Ideas, 
as well as SensatdonB, necessarily enter into all our 
knowledge of objects : and these two words express, 
perhaps more exactly than any of the pairs before 
mentioned, that Fundamental Antithesitt, in the union 
of which, as I hare said, all knowledge consists. 

Sect. 6. — Reflemon and Senmiion. 

It will hereafter be my business to show what the 
Ideas are, which thus enter into our knowedge; and 
how each Idea has been, as a matter of historical fect^ 
introduced into the Science to which it especially be- 
longs. But before I proceed to do this, I will notice 
some other terms, beeides the phrases already noticed, 
which have a reference, more or less direct, to the 
Fundamental Antithesis of Ideas and Sensations. I 
will mention some of these, in order that if they should 
oome under the reader's notice, he may not be per- 
plexed as to their bearing upon the view here presented 

to him. 

The celebrated doctrine of Locke, that all our 
' Ideas,' (that is, in his use of the word, aO our objects 
of tlunHng,) oome from Sensation or Reflexion, will 
naturally occur to the reader as connected with the 
antithesis of which I have been speaking. But there 
is a great diflerence between Locke's account of Sensa- 
tion and Reflexion, and our view of Sensation and 
Ideas. Heisspeakingof the origin of our knowledge; — 
we, of its nal^e and composition. He is content to 
say that all the knowledge which we do not receive 
directly by Sensation, we obtain by Reflex Acta of the 
mind, which make up his Reflexion. But we hold that 
tiiere ia no Sensation without aa act of the mind, and 
that the mind's activity ia not only reflexly exerted 
upon itself but directly upon objects, so as to perceive 
in them connexions and relations which are not Sensa- 
tions. He is content to put together, under the name 
of Reflexion, everything in our knowledge which is 
not Sensation : we are to attempt to analyze all that is 
not Sensation; not only to say it conaiata of Ideas, but 
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to point out what those Ideas are, and to show thi! 
mode in which each of them enters into our know- 
ledge. TTJH purpose wa^ to prove that t}iere are no 
Ideas, except the reflex acts of the mind: our endea- 
vour will be to ehow that the acts of the mind, both 
direct and reflex, are governed by certain Laws, which 
may be conveniently termed Ideas. TTi'r procedure 
was, to deny that any knowledge could be derived from 
the mind aJone: our course will be, to show that in 
every part of onr moat certain and exact knowledge, 
those who have added to our knowledge in every age 
have referred to principles which the mind itself sup- 
plies. I do not say that my view m contrary to hia : 
but it is altogether diflTerent from his. If I grant that 
all our knowledge com.ea from Sensation and Reflexion, 
still my task then is only begun ; for I want further to 
determine, in each science, what portion comes, not 
from mere Sensation, but from those Ideaa by the aid 
of which either Sensation or Reflexion can lead to 
Science. 

Locke's use of the word 'idea' is, as the reader will 
perceive, different from oura. He uses the word, as he 
says, which ' serves best to stand for whatsoever ia the 
obj»:t of the understanding when a man thinks.' ' I 
have used it,' he adds, ' to express whatever is meant 
by phttiUaam, noticn, species, or whatever it is to which 
the mind can be employed about in thinking.' It 
might be shown that this separation of the m,ind iUelf 
&am the ideal objecta about which it ia employed in 
thinking, may lead to very erroneous results. But it 
may sulEce to observe that we use the word Ideas, in 
the maimer already explained, to express that element, 
supplied by the mind iteelf, which must be combined 
■with Sensation in order to produce knowledge. For us. 
Ideas are not Objects of lljought, but rather Laws of 
Thought. Ideas are not synonymous with Notions; 
they are Principles which give to our Notions what- 
ever they contain of truth. But our use of the term 
Idea will be more fuUy explained hereafter. 
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Sed. 7, — Su^ective and Objective. 

The Fundamental AntithesiB of Philoaopliy of which I 
hare to epeak has been brought iiito great promuience 
in the writinga of modem Gorman ptiloaophers, and haa 
conapicuously formed the basis of their systems. They 
have indicated this Antithesis by the terms svhjective 
SMdoJ^etive. Aooording to the technical language of old 
writers, a thing an<I its qu&lities are described as mib- 
jed and attributes; and thus a. man's fecultiea and acta 
are attributes of which he is the subject. The mind la 
the subject in which ideas inhere. Moreover, the man's 
faculties and acts are employed upon external objects; 
and from, objects all his sensationa aiisa Hence the 
part of a man's knowledge which belongs to his own 
mind, is suhjective : that which flows in upon hini from 
the world external to him, is ohjeelive. And as in man's 
contemplation of nature, there is always some act of 
thought which depends upon himself, and some matter 
of thought which ia independent of him, there is, in 
eveiy part of his knowledge, a subjective and an objec- 
tive element. The combination of the two elements, 
the subjective or ideal, and the objective or observed, ia 
necessary, in order to give ua any insight into the laws 
of nature. But different persons, according to their 
mental habits and conatitution, may be inclined to 
dwell by preference upon the one or the other of these 
two elements. It may perhaps interest the reader to 
see this difference of intellectual character Olustrated in 
two eminent men of genius of modem times, Gothe 
and Schiller. 

Gbthe himself gives us the account to which I refer, 
in his history of the progress of hia speculations con- 
cerning the Metamorphosis of Plants ; a mode of view- 
ing their structure by which he explained, in a very 
striking and beautifiil manner, the relations of the dif- 
ferent parts of a plant to each other; as has been nar- 
rated in the History of the Inductive Sciences. Gothe 
felt a delight in the passive contemplation of nature, 
unmingled witli the desire of reasoning and theorizing ; 
a delight such as naturally belongs to those poets who 
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merely embody tlie images which n fertile genius Bug- 
geata, aud do not mix with these pictures, judgments 
and reflesionB of their owu. Schiller, on the other 
hand, both by hia own strong feeling of the value of a 
moral purpose in poetry, and by hia adoption of a sys- 
tem of metaphysics in which the subjective element was 
made very prominent, was well disposed to recognize 
fully the authority of ideas over external impreasdons. 

GiJthe for a time felt a degi'ee of estrangement to- 
wards Schiller, arising from thia contrariety in their 
views and characters. But on one occasion they fell 
into discussion on the study of natural history ; and 
Gothe endeavoured to impress upon his companion his 
persuasion that nature was to be considered, not as com- 
posed of detached and incoliereiit parts, but as active 
and alive, and nnfolding herself in each portion, in 
■virtue of principles which pervade the wholes Schiller 
objected that no such view of the objects of natural 
history had been pointed out by observation, the only 
guide which the natural historians recommended; and 
was disposed on thia account to think the whole of 
their study narrow and shallow. ' Upon this,' says 
Qfithe, ' I expounded to him, in as lively a way as I 
could, the metamorphoMS of plants, drawing on paper 
for him, as I proceeded, a diagram to represent that 
general foiin of a plant which shows itself in so many 
and ao vaiious transformations. Schiller attended and 
understood; and, accepting the explanation, he said, 
" This is not observation, but an idea." I replied,' adds 
Gothe, ' with some degree of irritation ; for the point 
which separated us was most luminously mark«i by 
this expression : but I smothered my vexation, and 
merely said, " I was happy to find that I had got ideas 
without knowing it; nay, that I saw them before my 
^es." ' Gothe then goes on to say, that he had been 
grieved to the very soul by mutiniH promulgated by 
SchiUer, that no observed fact ever could correspond 
with an idea. Since he himself loved best to wander 
in the domain of external observation, he had been led 
to look with repugnance and hostility upon anything 
which professed to depend ujion ideas. ' Yet,' he ol>- 
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serves, ' it occurred to me that if my ObaeiTation was 
identical with his Idea, there must be some common 
ground on which we might meet' They went on witli 
their mutual explauationa, and became intimate HJid 
lasting friends. ' Azid thus,' adds the poet, ' by means 
of that mighty and interminable controversy between 
object and subject, we two concluded an alliance which 
remained unbroken, and produced much benefit to our- 
selves and others.' 

The general diagram of a plant, of which Giithe here 
speaks, must have been a combination of hues and 
marks expressing the relations of pnwition and equiva- 
lence among the elements of vegetable forms, by which 
so many of their resemblances and differences may be 
explained. Such a symbol is not an Idea in that gene- 
ral sense in which we propose to use the term, but is a 
particular modification of the general Ideas of symme- 
try, developement, and the like ; and we shall hereafter 
see, according to the phraseology which we shall ex- 
plain in the next chapter, how Guch a diagram might 
express the ideal conception of a plant. 

The antithesis of svijectvEe and d^ecdve Is very femi- 
liar in the philosopliical literature of Germsny and 
France; nor is it uncommon in aoy age of our own 
literature. But though efforta have recently been made 
to give currency among us to this phraseology, it has 
not been cordi^y received, and has been much com- 
plained of as not of obvious meaning. Nor is the com- 
plaint without ground ; for when we regard the mind 
as the suJjMi in which ideas inhere, it becomes for us 
an oiiject, and the antitliesia vanishes. We are not so 
much accustomed to use aulyect in this sense, as to 
make it a proper contrast to object. The combination 
' ideal and objective,' would more readily convey to a 
modem reader the opposition which is intended be- 
tween the ideas of tiie mind itself and the objects 
which it contemplates around it. 

To the antitheses already noticed — Thoughts and 
Things; Necessary and Experiential Trutiis; Deduc- 
tion and Induction; Theory and Fact; Ideas and 
" ~ - . ^ ^^j Sensation; Subjective and 
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Objective; we may add others, by which distinctioiui 
depending more or less upon the fundamental anti- 
tjieeds h&Te been denoted. Thua we Bpeak of the in- 
ternal and external sourcea of our knowledge; of the 
world wiifiin and the world without iis ; of Man and 
Nature. Some of the more recent mebiphyBical writers 
of Germany have divided the universe into the Me and 
Not-me (Ich and Nicht-ich). Upon sucli phraseology 
we may observe, that to have the fundamental anti- 
thesis of which we speak I'eally understood, is of the 
highest consequence to philosophy, but that little ap- 
pears to be gained by expressing it in any novd 
manner. The most weighty part of the philoeopher'a 
task is to analyze the operationa of the mind; and in 
this task, it can aid us but little to call it, instead of 
the mind, the subject, or the me. 

Sect. 8. — Matter mid Form. 

There are some other ways of expressing, or rather 
of illustrating, the fundamental antithesis, which I 
may briefly notice. The antithesis has been at dif- 
ferent times presented by means of various images. One 
of the moat ancient of these, and one which is still 
very instructive, is that which speaks of Sensations as 
the Matter, and Ideas as the Form, of our knowledge ; 
jost as ivoty is the matter, and a cube the form, of a 
dia This comparison haa tiie advantage of showing 
that two elements of an antithesia which cannot be 
separated in fitct, may yet be advantageously separated 
in our reasonings. For Matter and Form cannot by 
(iny means be detached from each other. All matt^ 
must have some form; all form must be the form of 
some material thing. If the ivoiy be not a cube, it 
must have a spherical or some other form. And the 
cube, in order to be a cube, must be of some matei-ial ; 
— if not of ivory, of wood, or atone, for instanea A 
figure without matter is merely a geometrical concep- 
tion; — a modiflcation of the idea of s})Bce. Matter 
without figure is a mere abstract term;— a supposed 
union of certain sensible qualities which, so iusulated 
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from otters, cannot exist. Yet the distinction of Mat- 
ter and Form is real; and, as a subject of contempla- 
tion, clear aod plain. Nor La the distinction by any 
means iiBeleaB. The apeculationa which treat of the 
two subjects, Matter and Figure, are very different. 
Matter is the subject of the sciences of Mechanics and 
Chemistry; Figure, of G!eometry. These two classea 
of Sciences have quite different sets of principles. If 
we refiiae to consider the Matter and the Form of 
bodies separately, because we cannot exhibit Matter 
and Form sei>arately, we shut the door to all philo- 
sophy on such subjects. In like manner, though Sen- 
sations and Ideas are necessarily united iu all onr 
knowledge, they can be considered as distinct; and 
this diatinction ia the basis of all phUoaophy concerning 
knowledge. 

This illustratiDn of the relation of Ideas and Sensa- 
tions may enable us to estimate a doctrine which has 
been put forwards at various times. In a certain 
school of speculators there has existed a disposition to 
derive all our Ideas from our Sensations, the term 
Idea being, in this school, used in ita wider sense, so 
as to include all modifications and limitations of our 
Fundamental Ideas. The doctrinea of this school have 
been summarily espreaaed by saying that ' Every Idea 
is a transformed Sensation.' Now, even supposing this 
assertion to bo exactly true, we easily see, from what 
has been said, how little we are likely to answer the 
ends of philosophy by putting forward such a maxim 
aa one of primary importance. For we might say, in 
like manner, that every statue is but a ti-ansformed 
block of marble, or every edifice but a collection of 
transformed stones. But what would these assertions 
avail us, if our ol^ect were to trace the rules of art by 
which beautiful statues were formed, or great worka of 
architecture erected! The question naturally occurs, 
What is the nature, the principle, the law of this 
Transformation) In what faculty resides the trans- 
forming powerl What train of ideas of beauty, and 
symmetiy, and stability, in the mind of the statuary 
or the architect, haa produced those great works which 
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ntankinJ loot upon as among their most valuable pos- 
Boseioua; — the Apollo of the Belvidere, the Parthenon, 
the Cathedral of Cologoet Wien thia is what we 
want to know, how are we helped by learning that the 
Apollo is of Parian marble, or the Cathedral of baaaltjc 
atone! We must know much more tJian this, in order 
to acquire any insight into the pidnciples of statuary 
or of architecture. In like manner, in order that we 
may make any progress in the philosophy of know- 
ledge, which is our purj>oae, we must endeavour to 
learn something further respecting ideas than that 
they are transformed sensations, even if they were 
this. 

But, in reality, the assertion that our ideas are 
transformed sensations, is erroneous as well as frivo- 
lous. For it conveys, and is intended to conrey, the 
opinion that our sensations have one form which pro- 
perly belongs to them; and that, in order to become 
ideas, they are converted into some other foim. But 
the truth is, that our sensations, of themselves, with- 
out some act of the mind, such aa involves what we 
have termed mi Idea, have no form. We cannot see 
one object without the idea of space; we cannot see 
two without the idea of resemblance or difference; and 
space and difference are not seusations. Thus, if we 
are to employ the metaphor of Matter and Form, 
which is impQed in the expression to which I have 
referred, our sensations, from their first reception, have 
their Form not changed, but given by our Ideas. With- 
out the relations of thought which we here term 
Ideas, the sensations are matter without form. Matter 
without form cannot exist ; and in like manner sensa- 
tions cannot become perceptiona of objects, without 
some formative power of the mind. By the very act 
of being received as perceptions, they have a formative 
power exercised upon them, the operation of which 
might be expressed, by speaking of diem, not as truvm- 
formed, but simply ss formed; — as invested with form, 
instead of being the mere formless material of percep- 
tion. The word inform, according to its latin etymo- 
logy, at ffrst implied this process by which matter is 
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invested with form. Thus Virgil' Bpeaks of the thun- 
derbolt aa in/ormed by the hands of Brontea, and Ste- 
ropes, and Pyracmon, And Dryden introduces the 
■word in another place : — 



Even in this xtee of the word, tlie form is something 
superior to the bmte manner, and gives it a new sig- 
nificance and purpose. And hence the term ia again 
HHcd to denote the effect produced by an intelligent 
principle of a still higher kind ;— 

He informed 
Tbia ill-sbaped body with a daring aoul. 

And finally even the sold itaelf, in ita original condi- 
tion, is looked upon as matter, when viewed with re- 
ference to education and knowledge, by which it is 
Bfterwarde moulded ; and hence these are, in onr lan- 
guage, termed inf&rmatinn. If we confine ourselves 
to the first of these three uses of the term, we may 
correct the erroneous opinion of which we have just 
been speaking, and retain the metaphor by which it is 
expressed, by saying, that ideas are not transformed, 
bat informed sensations. 

Sect. 9. — Man l!ie Interpreter of Nature. 

There is another image by which writers have repre- 
sented the acte of thought through which knowledge 
is obtained from the observation of the external world. 
Nature is the Book, and Man is the Interpreter. The 
facta of the external world are marks, in which man 
discovers a meaning, and so reads them. Man is the 
Interpreter of Nature, and Science is the right Inter- 
pretation. And this image also ia, in many ri 
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infitnictiva It exhibita to ua the neceaaity of both 
elements; — the marka which man has to look at, and 
the knowledge of the alphabet and language which he 
must possesa and apply before he can find any meaning 
in wlmt he seea. Moreover this image preaenta to iis, 
ae the ideal element, an activity of the mind of that 
very kind which we wish to point out Indeed the 
illnatration ia rather an example than a comparison of 
the compoaition of our knowledge. The letters and 
symbols which are presented to the Interpreter are 
really objects of Hensation ; the notion of letters aa 
signa of worda, the notion of connexions among words 
by which they have meaning, really are among our 
Ideas ; — Signs and Meaning are Ideas, supplied by the 
mind, and added to all that sensation can discloae in 
any collection of visible marks. The Sciences are not 
figuratively, but really, Interpretations of Nature. But 
this image, whether taken aa example or comparison, 
may serve to show both the opposite character of the 
two elements of knowledge, and their necessary com- 
bination, in order that there may be knowledge. 

This illustration may also serve to explain another 
point in the conditions of human knowledge which we 
shall have to notice: — namely, the very diflTei-ent de- 
grees in which, in diSerent ci 
the mental act by which our 

into knowledge. For the same diiference occurs m 
reading an inscription. If the inscription were entire 
and plain, in a language with which we were familiar, 
we should be unconscious of any mental act in reading 
it. We should seem to collect its meaning by the 
sight alone. But if we had to decipher an ancient 
inscription, of which only imperfect marks remained, 
with a few entire letters among them, we should pro- 
bably make several suppositions as to the mode of 
reading it, before we found any mode which was quite 
succesefid ; and thus, our guesses, being separate from 
the observed facts, and at first not fidly in !^;reement 
with them, we should be clearly aware that the con- 
jectured meaning, on the one hand, and the observed 
marics on the other, were distinct things, though these 
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two things would become united aa elements of one 
act of knowledge when we had hit upon the right con- 
jecture. 

Seat. TO.— The fwnda/merUal Antithena ing^arahle. 

The illustration just referred to, as well as other ways 
of considering the subject, may help us to get over a 
difficulty ■which at first sight appears perplexing. We 
have spoken of the common opposition of Tlieory and 
Fact as important, and as involving what we have 
called the Fundamental Antithesis of Philosophy, But 
afler all, it may be asked, la this distinction of Theory 
and Fact really tenable 1 la it not often difficult to aay 
whether a special part of our knowledge is a Fact or 
a Theory) la it a Fact or a Theory that the stars re- 
volve round the pole 1 Is it a Fact or a Theory that 
the earth is a globe revolving on its axisi la it a Fact 
or a Theory that the earth travels in an ellipse round 
the Bun ! Is it a Fact or a Theory that the sun attracts 
the earth? Is it a Fact or a Theory that the loadstone 
attracts the needle? In aU these cases, probably some 
persons would answer one way, and som.e persons the- 
other. There are many persona by whom the doctrine 
of the globular form of the earth, the doctrine of the 
earth's elliptical orbit, the doctrine of the sun's attrac- 
tion on the earth, would be called theories, even if they 
allowed them to be true theories. But yet if each of 
these propositions be true, is it not a, /act ? And even 
with regMii to the simpler facts, aa the motion of the 
Btara round the pole, although this may be a Fact to 
one who has watched and measured the motions of the 
stars, one who haa not done this, and who has only 
carelessly looked at these stars from time to time, may 
naturally speak of the circles which the astronomer 
makes them describe as Theories. It would seem, then, 
that we cannot in such cases expect general assent, if 
we aay, This U a Fact and not a Theory, or This is a 
Theory amd not a Fact. And the same is true in a vast 
range of cases. It would seem, therefore, that we can- 
not i-est any reasoning upon this distinction of Theory 
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and Fact; and we cannot avoid oskiiig whether there 
is any real distinction in this antithesis, and if bo, what 
it is. 

To this I reply : the distinction between Theoiy (that 
is, true Theory) and Fact, ia this : that in Theory the 
Ideas are conaidered aa distinct front the Facte: in 
Facte, tjiougb. Ideas may be involved, they are not, in 
our apprehension, separated from the sensations. In 
a Fact, the Ideas are applied so readily and &miliarly, 
and incorporated with the sensations so entirely, that 
we do not see (Aem, we see through Ihem. A. person 
who carefully notes the motion of a star all night, sees 
the circle which it describes, as he sees the star, though 
the circle is, really, a result of his own Ideae. A per- 
son who has in his mind the measures of different lines 
and countries on the earth's surface, and who can put 
them together into one conception, finds that they can 
make no figure but a globular one : to liim, the earfJi's 
globular form is a Fact, as much aa the square form of 
his chamber. A person to whom the grounds of be- 
lieving the earth to travel round the sun are as familiar 
as tlie grounds for beheving the movements of the 
mail-coaches in this country, loots upon the former 
event as a Fact, just as he looks upon the latter events 
aa Facts. And a person who, knowing the Fact of the 
earth's annual motion, refers it distinctly to its mecha- 
nical cause, conceives the sun's attraction as a Fact, 
just as he conceives as a Fact, the action of the wind 
which turns the sails of a mill. He cannot see the 
force in either case ; he supplies it out of his own Ideas. 
And thus, a true Theory is a Fact ; a Fact is a familiar 
Theory. That which is a Fact under one aspect, is a 
Theory under another. The most recondite Theories 
when firmly established are Facts : the simplest Facts 
involve something of the nature of Theory. Theory 
and Fact correspond, in a certain degree, with Ideas 
and Sensations, as to the nature of their opposition. 
But the Facts are Facts, so far as the Ideas have been 
combined with the Sensations and absorbed in them : 
the Theories are Theories, so far as the Ideas are kept 
distinct from the Sensations, and so far aa it ' 
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dered still a question whether those can be ma^le to 
agree with these. 

We may, as 1 have said, illuBtrate this matter by 
coDaidering man aa interpreting the phenomena which 
lie sees. He often interprets without being aware that 
he does so. Thus when we see tlie needle move to- 
wards the magnet, we assert that the magnet exercises 
an attractiTe force on the needl& But it da only by an 
interpretative act of our own minds that we ascribe 
this motion to attraction. That, in this case, a force 
is exerted — something of the nature of the pull which 
we could apply by our own volition— is our interpreta- 
tion of the phenomena; although we may be conscioua 
of tie act of interpretation, and may then regard the 
attraction as a Fact. 

Nor is it in such cases only that we interpret pheno- 
mena in our own way, without being conscious of what 
we do. We see a tree at a distance, and judge it to be 
a cheatnnt or a lime ; yet this is only an inference from 
the colour or form of the mass according to precon- 
ceived classificationa of our own. Our lives are full of 
such unconscious interpreta.tions. The feimer recog- 
nizes a good or a bad soil; the artist a picture of a 
favouiite master; the geologist a rock of a known 
locality, as we recognize the faces and voices of our 
friends; that is, by judgment* formed on what we see 
and hear; but judgments in which we do not analyze 
the steps, or distinguish the inference from the appear- 
ance. And in these mixtures of observation and in- 
ference, we speak of the judgment thus formed, as a 
Fact directly obsierved. 

Even in the case ia which our perceptions appear to 
be most direct, and least to involve any interpretations 
of our own, — in the simple process of seeing, — who 
does not know how much we, by an act of the mind, 
add to that which our senses receive 1 Does any one 
fancy that he sees a solid cube? It is easy to show that 
the solidity of the figure, the relative position of its 
faces and edges to each other, are inferences of the 
spectator; no more conveyed to his conviction by the 
eye alone, than they would be if he were looking at 




-%» 



IDEAS IN GENERAL. 



a painted repreaentatioQ nf a, cube. The accne of nature 
is a picture without depth of substance, no less than 
the scene of art; and in the one caae as in the othe^ 
it is the mind ■which, by aji act of its own, discovers 
that colour and shape denote distaace and solidity. 
Most men are unconscious of this perpetual habit of 
reading the language of tlie external world, and trans- 
lating as they read. The di'aughtsman, indeed, is com- 
pelled, for hia purposes, to return back in thought &oni 
the solid bodies which he has inferred, to the shapes of 
sur&eo which, be really sees. He knows that there is 
a Biaek of tlieory over the whole fiice of nature, if it 
be theory to infer more than we see, But other men, 
unaware of this masquerade, hold it to be a fact that 
they see cubes and spheres, spacious apartments and 
winding avenues. And these things are facts to them, 
because they are unconscious of the mental operation 
by which they have penetrated nature's disguise. 

And thus, we still have an intelligible distinction of 
Fact and Theory, if we consider Theory as a conscious, 
and Fact aa an anconacious inference, from the pheno- 
mena which are presented to our senses. 

But still. Theory and Fact, Inference and Perception, 
Beasoning and Observation, are antitheses In none of 
which can we separate the two members by any fixed 
and definite lin& 

Even the simplest terms by which the antithesis is 
expressed cannot be separated. Ideas and Sensations, 
Thoughts and Things, Subject and Object, cannot in 
any case be applied absolntely and exclusively. Our 
Sensations require Ideas to bind them together, namely, 
Ideas of space, time, nuniber, and the like. If not so 
bound together. Sensations do not give us any appre- 
hension of Things or Objects. All Things, all Objects, 
must exist in space and in time — niust be one or many. 
Now space, tune, number, are not Sensations or 
Things. They are something different from, and op- 
posed to Sensations and Things. We have termed 
them Ideas. It may be said they are Selatvma of 
Things, or of Sensations. But granting this form of 
Bxpresaion, still a RelaiUm is not a Thing or a Sensa- 



PUNDAMENTAL ABTITHE8IB OF PHILOSOPHY. 47 

tion; and therefore we must still have another anil 
opposite element, along with onr SonBatione. And 
yet, though we have thus these two elements in eveiy 
act of perception, we cannot designate any portion of 
the act aa absolutely and excluaiTely belonging to one 
of the elementSL Perception involves Sensation, along 
with Ideaa of time, space, and the like ; or, if any one 
prefers the expression, we may say. Perception involves 
Sensatioas along with the apprdieaaion of Kelationa. 
Perception is Sensation, along with such Ideas as make 
Sensation into an apprehension of Things or Objects, 

And as Perception of Objects implies Idea^ — as 
Observation impUea Reasoning ; — so, on the other hand, 
Ideas cannot exist where Senaation has not been ; Bear 
soning cannot go on when there has not been previous 
Observation. This is evident from the necessary order 
of developement of the human faculties. Sensation 
necessarily exists from the first moments of our exist- 
ence, and is constantly at work. Observation begins 
before we can suppose the existence of any Reasoning 
which is not involved in Observation. Hence, at what- 
ever period we consider our Ideas, we must consider 
them as having been already engaged in connecting 
our Sensations, and as having been modified hj this 
employment. By being so employed, our Ideas are 
unfolded and defined; and such developement and defi- 
nition cannot be separated irom the Ideas themselves. 
We cannot conceive space, without boundaries or forma ; 
now Forms involve Sensations. We cannot conceive 
time, withoat events which mark the course of time; 
but events involve Sensations. We cannot conceive 
number, without conceiving things which are num- 
bered; and Things imply sensations, And the forms, 
things, events, which are thus implied in our Ideas, 
Laving been the objects of Sensation constantly in 
every part of our life, have modified, unfolded, and 
fixed our Ideas, to an extent which we cannot estimate, 
but which we must suppose to he essential to the pro- 

ises which at present go on in our minds. We can- 
not say that Objecte create Ideas; for to perceive 
Objects we must already have Ideas. But we may 
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say, that Objects and the constant Perception of 
Objects have so ias modified our Ideas, that we cannot, 
even in thought, separate our Ideas from the percep* 
tion of Objects. 

We cannot say of any Ideas, as of the Idea of space, 
or time, or number, that they are absolutely and ex- 
clusively Ideas. We cannot conceive what space, or 
time, or number, would be in our minds, if we had 
never perceived any Thing or Things in space or time. 
We cannot conceive ourselves in such a condition as 
never to have perceived any Thing or Things in space 
or time. But, on the other hand, just as little can we 
conceive ouraelvea becoming acqiiainted with space and 
time or numbers as objects of Sensation. We cannot 
reason without having the operations of our nundfl 
affected by previous Sensations; but we cannot conceive 
Reasoning to be merely a series of Sensations. In 
order to be used in Seasoning, Sensation, mtiat become 
ObsiezTation ; and, us we have seen, Observation ab-eady 
involves -Reasoning. In order to be connected by our 
Idea^ Sensations must be Things or Objects, and 
Things or Objects already include Ideas. And thus, 
none of the terms by which the fundamental antithesis 
is expressed can be absolutely and exctusively applied. 

I wiU make a remark suggested by the views which 
have thus been presented. Since, as we have just seen, 
none of the terms which express the ftindaroental anti- 
thesis can be applied absolutely and exclusively, the 
absolute application of the antithesis in any particular 
case can never be a conclusive or immoveable jiiinciple. 
This remark is the more necessary to be borne in 
mind, as the terras of this antithesis ai'e often used in 
a vehement and peremptory mannei'. Thus we are 
often told that such a thing is a Fact; a Fact and 
not a Theory, with all the emphasis which, in speaking 
or writing, tone or italics or capitals can give. We 
see from what has been said, that when this is urged, 
before vre can estimate the truth, or the value of the 
assertion, we must aak to whom is it a Pact) what 
habits of thought, what previous infonnation, what 
Ideaa does it imply, to conceive the Fact as a Fact? 
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Does not the apprehension of the Fiict imply assump- 
tions which may witli equal justice be caUed Theoiy, 
and which are perhaps false Theory) in which case, the 
Fact is no Fact. Did not the ancients assert it as a 
Fact, that the earth stood still, and the stars movedt 
and can any Fact have stronger apparent evidence to 
justify persons in asserting it enipliatically than this 
had'j 

These remarks are hy no ineana urged in order to 
show that no Fact can be certainly known to be true ; 
but only, to show that no Fact can be certainly shown 
to be a Fact, merely by calling it a Fact, however 
emphatically. There is by no means any ground of 
general skepticiam with regard to truth, involved in 
the doctrine of the necessary combination of two ele- 
ments in all our knowledge. On the contrary, Ideas 
are requisite to the essence, and Things to the reality 
of our knowledge in every case. The proportions of 
Geometry and Arithmetic are examples of knowledge 
respecting our Ideas of space and number, with regard 
to which there is no room for douht. The doctrines 
of Astronomy are examples of truths not less certain 
respecting the Facts of the external world. 

Sect. I r.- — Successive Generalvaatioti. 

In the preceding pages we have been led to the doc- 
trine, that though, in the Antithesis of Theory and 
Fact^ there is involved an rasential opposition; namely 
the opposition of the thoughts within us and the ph&- 
nomena without us ; yet that we cannot diatiaguiah 
and define the members of thia antithesis separately. 
Theories become Facta, by becoming certain and fami- 
liar: and thus, as our knowledge becomes more sure 
and more extensive, we are conatimtly transferring to 
the class of facts, opinions which were at first regarded 
OS theories. 

Now we have further to remark, that in the pro- 
gress of human knowledge respecting any branch of 
speculation, there may be several such steps in succes- 
sion, each depending upon and including the preceding. 

VOL.1. B 
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The theoretical viewa which one generation of dis- 
ooverers establishes, become the facts tram which the 
next generation advances to new theories. As men 
rise from the particular to the general, so, in the same 
manner, they rise from what da general to what is more 
general. Each inductdon supplies the materials of 
fr«sh inductions; each generalization, with all that it 
embraces in its circle, may be found to be but one of 
many circles, comprehended within the circuit of some 
wider generalization. 

This remark has already been uLade, and illustrated, 
in the Hiatory of Ike Iiuiveiive Sciaicea'; and, in truth, 
the whole of the history of science la full of suggestions 
and exemplifications of this course of tilings. It may 
be convenient, however, to select a few instances which 
may further explain and confirm this view of the pro- 
gress of scientific knowledge. 

The most conspicuous instance of this succession is 
to be found in that science which has been progressivfi ' 
from the beginning of tlie world to our own times, and ■ 
which exhibits by ikr the richest collection of Biiccessiva 
discoveries ; I mean Astronomy, It is easy to see that 
each of these successive diacovories depended on those 
antecedently made, and that in each, Uie truths which ' 
were the highest point of the knowledge of one 
were the fiindamentol basis of the efforts of the 
which came next. Thus we find, in the days of Gre^ < 
discovery, Hipjiarchus and Ptolemy combining and ex- 
plaining the particular /acta of the motion of the sun, 
moon, and planets, by means of the Hieory of epicycles 
and eccentrics; — a highly important step, which gave 
on intelligible connexion and rule to tJie motions of 
each of liese luminaries. When these cycles and epi- . 
cycles, thus truly representing the apparent motions of j 
tiie heavenly bodies, had accumulated to an inconve- ' 
nient amount, by the discovery of many inequalities in 
the observed motions, Copernicus showed that their 
effects might all be more simply included, by making 
tlie sun the center of motion of the planets, instead of 
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the earth. But m tJiia new view, he Ktill retained tie 
epicycles and eccentrics which governed the motion of 
each body, Tycho Brabe's obaeiTations, and Kepler's 
calculationB, showed that, besides the vast umnber of 
ikcta which the epicyclical theory could account for, 
there were some which it would not exactly include, 
and Kepler was led to the persuasion that the plEmeta 
move in ellipses. But this view of motion was at first 
conceived by Kepler as a modification of the conception 
of epicycles. On one occasion he Itlamea himself for 
not sooner seeing that such a modification was possible. 
'What an absurdily on my part!' he cries'; 'as if 
lihration in the diameter of the epicycle might not 
oome to the some thing as motion in the ellipsa' But 
again; Kepler's laws of the eUiptieal motion of the 
planets were established ; and these laws immediately 
becam.e the /actg on which the mathematicians had to 
fbnnd their mechanical theories. From these facts, 
' KewtoQ, as we have related, proved tliat the central 
e of the sun re^ns the planets in their orbite, ac- 
cording to the law of the inverse square of the dis- 
tance. The sam.e lata was shown to prevail in the 
gravitation of the earth. It was shown, too, by induc- 
tion from the motions of Jupiter and Saturn, that the 
planets attract each other; by csloulatioas irom the 
figure of the earth, that the parts of the earth attract 
each other; and, by considering the course of the tides, 
that the sua and m.oon attract the waters of the ocean. 
And all these curious discoveries being established bs 
facta, the subject was ready for another step of gene- 
ralizataoQ. By an unparalleled rapidity in the progress 
of discovery in this case, not only were all the induc- 
[, lions which we have first mentioned made by one in- 
I dividual, but the new advance, the higher flight, the 
[ olosiDg victory, fell to the lot of the same extraordi- 
\ naty person. 

The attraction of the sun upon the planets, of the 

noon upon the earth, of the planets on each other, of 

I the parts of the earth on themselves, of the sun and 

^ SiA. J?zdudire Scunccs, b. v. c It. bccL 3. 
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moon opon the ocean ; — all these truths, each of itsetf 
a great discoTraj, were included by New1«>n in the 
higher generalizalitm, of the nnivereal gravitatioD of 
matter, by which each particle is drawn to ereiy other 
according to the law of the inverse squiire : aud thus 
this long adrance from discorery to discovery, from 
tntths to tmths, each jnstly admired when new, wad 
then rightly used aa old, was closed in a worthy and 
consistent manner, by a truth which is tlie moat worthy 
admiratioa, because it includes all the researchee <^ 
preceding ages of Astronomy. 

We may take another example of a succea^a of 
this kind from the history of a science, which, though 
it has made wonderful advances, has not yet reached 
its goal, as physical astronomy appears to have done, 
but seems to have before it a long proq>ect of fiitare 
progress. I now refer to Chemistry, in which I shall 
try t« point out how the preceding discoveries afforded 
the materials of the succeeding; although this subor- 
dination and connexion is, in this case, less fumiljar to 
men's minda than in Astronomy, and is, perhaps, more 
difficult to present in a clear and definite shape. SyU 
vius saw, in the &cta which occur, when an acid and 
an alkali are brought together, the evidence that they 
neutralize each other. But cases of neutralization, and 
acidification, and many other effects of mlKtore of the 
ingredients of bodies, being thus viewed as/act«, had an 
aspect of unity and law given them by Geoffiny and 
Sergman*, who introduced the c£^ncep<M>J^ of the Chemi- 
cal Affinity or Elective Attraction, by which certain 
elements select other elements, as if by preference. 
That combustion, whether a chemical union or a chemi- 
cal separation of ingredients, is of the same nature with 
acidification, was the doctrine of Beccher and Stahl, 
and was soon established as a truth which must form a 
part of every succeeding physical theory. That the 
rules of affinity and chemical composition may include 
gaseous elements, was established by Black and Caven- 
dish. And all these truths, thus brought to light by 
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chemical diacoverera, — affinity, the identity of acidifi- 
cation and combustion, the importance of gaseous ele- 
ments, — along with all the facts respecting the weight 
of ingredients and compounda which, the balance dia- 
cIoBed, — were taken up, connected, and included as 
parttcidars in the oxygen theory of lAvoiaier. Again, 
the results of this theory, and the quantity of the seve- 
ral ingredients which entered into each compouad— 
(sucli results, for the most part, being now no longer 
mere theoretical speculations, but recognized iacts) — 
were the particulars from ■which Daiton derived that 
wide law of chemical combination which we term the 
Atomic Theory. And this law, soon generally accepted 
among chemists, is already in its turn become one of 
the facU included in Faraday's Theory of the identity 
of Chemical Affinity and Electric Attraction. 

It is unnecessary to give further exemplifications of 
this constant ascent from one step to a higher; — this 
perpetual conversion of true theories into the materials 
of other and wider theories. It will hereafter be our 
business t« exhibit, in a more full and formal manner, 
the mode in which this principle determines the whole 
scheme and structure of all the moat exact sciences. 
And thus, beginning with the facts of sense, we gradu- 
ally climb to the h^hest forms of human knowledge, 
and obtain trom experience and observation a vast col- 
lection of the most wide and elevated truths. 

There are, however, truths of a very difierent kind, 
to which we must turn our attention, in order to pursue 
our researches respecting the nature and grounds of our 
knowledge. But beibre we do this, we must notice one 
more feature in that progress of science which we have 
already in ptot described. 



CHAPTER U. 

Of Technical Terms. 



I, TT has already been stated that we gatlier know- 
X ledge from the external world, when we are able 
to apply, to the facta which we observe, some ideal con- 
ception, which gives unity and connexion to multiplied 
and separate perceptions. We have also shown that i 
our conceptions, thus verified by facts, may thenLselveB I 
be united and connected by a new bond of the same 1 
nature; and that man may thus have to pursue hia I 
way from tnith to truth through a long progression of I 
. discoveries, each resting on the preceding, and rif' 
above it 

Each of these steps, in succession, is recorded, fixed, I 
and made available, by some peculiar form of words; 
and such words, thus rendered precise in their mean- 
ing, and appropriated to the service of science, we may 1 
call Tee&nical Terms. It is in a great measure by ii 
venting such Terms that men not only best express I 
the discoveries they have made, but aba enable their ] 
followers to become so fiimiliar with these diseoveriea, . 
and to possess them so thorou^ly, that they can rea- J 
dily use them in advancing to ulterior generalizationB. 

Most of our ideal conceptions are described by exact I 
and constant words or phrases, snch as those of which ] 
we here speak. We have already had occasion to i 
ploy many of these. Thus we have had instances of i 
technical Terms expressing geometrical conceptions, as 
SHUpsig, Radiun Vector, Axig, Plane, the Proportior 
the Itwerse Square, and the like. Other Terms have j 
described mechanical conceptions, aa Accelerating Forca J 
and Attraction. Again, chemistry exhibits (as do aU. I 
sciences) a aeries of Tenns which mark the steps of o 
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progress. The views of the first real founders of the 
science are recorded by the Tenna which are still in 
use, Neutrcd Salts, Affinity, and the like. The esta- 
blishment of Dslton's theory has produced the use of 
the word Atom, in a peculiaj- sense, or of some other 
word, as Proportion, in a sense equally technicaL And 
Mr. Faraday has found it necessary, in order to ex- 
pound his electro-chemical theory, to introduce such 
terms as Anode and Cathode, Anion and CaChton. 

3. I need not adduce any ftirther examples, for my 
object at present is only ia point out the use and in- 
fluence of auch language : ita rules and principles I 
shall hereafter try, in some measure, to lix. But what 
we have here to remark is, the extraordinary degree in 
which the progress of science is facilitated, by thus 
inveating each new discovery with a compendious and 
steady form of espresaion. These terms soon become 
part of the current language of all who take an interest 
in speculation. However strange they may sound at 
first, they soon grow familiar in our ears, and arc used 
without any eiFort, or any recollection of the difficulty 
they once involved. They become as common as the 
phrase which express our most frequent feelings and 
interests, while yet they Lave incomparably more pre- 
cision than belongs to any terms which expreaa feel- 
ings ; and they carry with them, in their import, the 
results of deep aad laborious trains of research. They 
convey the mental treasures of one period to the gene- 
rations that follow ; and laden with tliis, their precious 
fireight, they sail safely across gulfs of time in which 
empires have suffered shipwreck, and the languages of 
common life have sunk into oblivion. We have still in 
I constant circulation among us the Terms which belong 
I to the geometry, the astronomy, the zoology, the medi- 
' le of the Greelfs, and the algebra and chemistry of 
e ArabianB. And we can in an instant, by means of 
a few words, call to our own recollection, or convey to 
the apprehension of another person, phenomena and 
lations of phenomena in optica, mineralogy, chemistry, 
hich are so complex and abstruse, that it might seem 
) require the utmost subtlety of the human mind to 
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grasp them, even if that were made the sole object of 
its efforts. By this remarkable effect of Technical Lan- 
guage, we have the results of all the labours of past 
times not only always accessible, but so prepared that 
we may (provided we are careful in the use of our in- 
strument) employ what is really useful and efficacious 
for the purpose of further success, without being in any 
way impeded or perplexed by the length and weight of 
the chain of past connexions which we drag along 
with us. 

By such means, — ^by the use of the Inductive Pro- 
cess, and by the aid of Technical Terms, — ^man has 
been constantly advancing in the path of scientific 
truth. In a succeeding part of this work we shall 
endeavour to trace the general rules of this advance, 
and to lay down the maxims by which it may be most 
successfiflly guided and forwarded. But in order that 
we may do this to the best advantac^e, we must pursue 
stm further the analysis of knowledge into its elments; 
and this will be our employment in the first part of the 
work. 



CHAPTER III. 

Of Necessahy Thdths. 



1. "pVEEY advance in Imman knowledge coBidsts, aa 
F'J we have seen, in adapting new ideal conceptions 
to ascertained ioicts, and thus in superinducing the 
Form upon the Matter, the active upon the passive 
processes of our minds. Every such step introduces 
into our knowledge an additional portion of the ideal 
element, and of those relations which flow from the 
nature of Ideas. It is, therefore, important for our 
purpose to examine more closely this element, and to 
leam what the relations are which may thus eome to 
form part of our knowledge. An iuquiry into those 
Ideaa which form the foundations of our sciences; — 
into the reality, independence, extent, and principd 
heads of the knowledge which wo thus acquire; — is a 
task on which we must now enter, and which will em- 
ploy ua for several of the succeeding Books. 

In this inquiry our ohject will be to pass in review 
all the most important Fundamental Ideaa which our 
sciences involve; and to prove more distinctly in refer- 
ence to each, what we have already asserted with 
regard to all, that there are everywhere involved in 
our knowledge acta of the mind aa well aa impressions 
of sense ; and that our knowledge derives, from these 
acts, a generality, certainty, and evidence which the 
senses could in no. degree have supplied. Bub before I 
proceed to do this in particular cases, I will give some 
account of the argument in ita general form. 

We have already considered the separation of our 
knowledge into its two elements,— Impressions of Sense 
and Ideas, — as evidently indicated by this; that all 
knowledge possesses characters which neither of these 
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elements alone conid bestow. Without our ideas, our 
sensations could have no connexion ; without esrtemal 
impresaiona, our ideas would have no reality; and thus 
both ingredients of our knowledge must exist 

2. There is another mode in which the distinction of 
the two elements of knowledge appears, aa I have 
already said (c. i. sect. 2) : namely in tlie distinction 
oi nece»aari/, and contingent or es^eriential, truths. For 
of these two classes of truths, the difference ajises irom 
this; — -that the one class derives its nature from the 
one, and the other from the other, of the two elements 
of knowledge. I have already stated briefly the differ- 
ence of these two kinds of ta-uths ; — namdy, that the 
former are truths which, we see, must be true i^the 
latter are true, but so far as we can see, might be 
otherwise. The former are true necessarily and uni- 
versally : the latter are learnt from eicperience and 
limited by experience. Now with regard to the former 
kind of truths, I wish to show that the universality 
and necessity which distinguish them can by no means 
be derived from esperience ; that these characters do 
in reality flow from the ideas which these tniths in- 
volve; and that when the necessity of the truth is 
exhibited in the way of logical demonstration, it is 
found to depend upon cei-fcain fundamental principles, 
(Definitions and Axioms,) which may thus be consi- 
dered as expressing, in some measure, the essential cha- 
racters of our ideas. These fundamental principles I 
shall afterwards proceed to discuss and to exhibit in 
each of the principal departments of science. 

I shall begin by considering Necessary Truths more. 
fixlly than I have yet dona Aa I have already said, 
necessaiy truths are those in which we not only loam 
that the proposition it true, hut see that it vMst be 
true; in which the negation of the truth is not only 
false, but impossible; in which we cannot, even by an 
effort of imagination, or in a supposition, conceive the 
reverse of that which is asserted. 

3. That there are such truths cannot be doubted. 
We may take, for example, all relations of nnniber. 
Three and Two added together make Fiva We cannot 
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3 be otherwise. We cannot, by any fi-eak 
of thought, imagine Three and Two to make Seven. 

It may be said that thia assertion merely expresBea 
what we mean by our words; tliat it is a matter of 
definition ; that the proposition is an identical one. 

But this is by no means sa The definition of Five 
ia not Three and Two, but Four and One. How does 
it appear that Three and Two ia the same number as 
Four and One! It ia evident that it ia so; but wAy is 
it evident? — not becauae the proposition is identical; 
for if that were the reason, all numerical propositionH 
must be evident fur the same reason. If it be a matter 
of definition that 3 and 2 make 5, it must be a matter 
of definition that 39 and 27 make 66. But who will 
say that the definition of 66 is 39 and 37 1 Yet the 
magnitude of the numbers can make no difference ia 
the ground of the tmth. How do we know that the 
product of 13 and 17 ia 4 leas tlian the product of 15 
and 15 1 Wo see that it ia so, if we perform certain 
operations by the rules of arithmetic ; but how do we 
know the truth of the rules of arithmetic) If we divide 
123375 by 987 according to the process taught us at 
school, how are we assured that the result ia correct, 
and that the number 125 thus obtained ia really the 
number of tiraea one number ia contained in. the 
otherl 

The correctness of the rule, it may be replied, can be 
rigorously demonstrated. It can be shown that the 
process must inevitably give the true quotient. 

Certainly thia can be shown to be the case. And 
precisely because it caji be shown that the result must 
be true, we have here an example of a necessary tnith ; 
and this truth, it appears, is not therefore neceasary 
because it is itself evidently identical, however it may 
be possible to prove it by reducing it to evidently iden- 
tic^ propositioua. And the same is the case with all 
other numerical propositions ; for, os we have said, the 
nature of all of them ia the same. 

Here, then, we have inatancea of truths which are 
not only true, but demonatrably and necessarily trua 
TSaw such truths are, in this respect at leaat, altogether 
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different from troths, whicli, however certain they may 
he, are learnt to be so only by the evidence of obser 
tjon, interpreted, as observation must be interpreted, 
by our own mental faculties. There ia no difficulty in 
finding ejcamples of thaee merely observed truths. We 
find that sugar dissolves in water, and tbrma a trans- 
parent fluid, but no one will say that we can see any 
reason beforehand why the result must be so. We 
find that all animals which chew the cud have also the 
divided hoof; but could any one have predicted that 
this would be universally the caaet or supposing the 
truth of the rule to be known, can any one say that 
he cannot conceive the facta as occurring otherwwe) 
Water expands when it crystallizes, some other sub- 
stances contract in the same circumstances; but can 
any one know that this will be so otherwise than by 
observation) We have here propoEdtions rigoroud^f 
true, (we will assume,) but can any one say they are 
7ieceamTit.y true? These, and the great mass of the 
doctrines established by induction, are actual, but so 
lar as we can see, accidental laws ; results determined 
by some unknown selection, not demonstrable con- 
sequences of the essence of thin^ inevitable and per- 
ceived to be inevitable. According to the phraseology 
which has been frequently used by philosophical wri- 
ters, they are contingent, not necessary truths. 

It is requisite to insist upon this opposition, because 
no insight can be obtained into the true nature of 
knowledge, and the mode of arriving at it, by any one 
who does not clearly appreciate the distinction. The 
separation of truths which are learnt by observation, 
and truths which can be seen to be true by a pure act 
of thought, is one of the first and most essential steps 
in our examination of the nature of truth, and the 
mode of its discovery. If any one does not clearly 
comprehend this distinction of necessary and contin- 
gent truths, he will not be able to go along with us in. 
our researches into the foundations of human know- 
ledge; n.or, indeed, to pursue with success any specu- 
lation on the subject. But, in iact, this distinction is 
one that can hardly fail to be at once understood. It 



OF NECESaART TRUTHS. 6 1 

ia insisted upon by almost aJl the best modem, as well 
as ancient, metaphysicians', as of primaiy importance. 
And if any person does not fidly apprehend, at fiwt, 
the different kinds of truth thus pointed out, let him 
study, to some extent, those sciences which haTo neces- 
sary tmth for their subject, aa geometry, or the pro- 
perties of numbers, so as to obtain a &niiliai' acquaint- 
ance with such truth ; and he will then haj^y fejl to 
see how different the evidence of the propositions 
which occur in these sciences, ia fixim the evidence of 
the fects which are merely Jeamt from experience. 
That the year goes through its course in 365 days, can 
only be known by observation of the sun or stars : that 
362 days is 52 weeks and a day, it requires no expe- 
rience, but only a little thought to perceive. That 
bees build their cells in the form of hexagons, we can- 
not know without looking at them; that regular hexa- 
gons may be arranged bo as to till space, may be 
proved with the utmost rigour, even if there were not 
in existence such a thing as a material hexagon. 

4, As I have already said, one mode in which wo 
may express the difference of necessary truths and 
truths of experience, is, that necessary truths are those 
of which we cannot distinctly conceive the contrary. 
"We can very readily conceive the contrary of experiential 
truths. We can conceive the stars moving about the 
pole or across the sky in any kind of curves with any 
velocities; we can conceive the moon always appearing 
during the whole month as a luminous disk, aa she 
■ might do if her light were inherent and not boiTowed. 
But we cannot conceive one of the parallelograms on 
the same base and between the same parallels lat^r 
than the other; for we find that, if we attempt to do 
this, when we separate the parallelograms into parts, 
we have to conceive one triangle larger than another, 
both having all their parts equal; which wo cannot 
conceive at all, if we conceive the triangles distinctly. 
We make this impossibility more clear by conceiving 



62 



OF IDEAS IS GESEBAL. 



the triajigles to be placed so that two sides of the one 
coincide with tvo aides of the other; and It is then 
seen, that in order to conceive the triangles unequal, 
we must conceive the two bases which have the same 
estremitiea both ways, to be different lines, though 
both straight lines. This it is impossible to conceive: 
we assent to the impoasibOit; as an axiom, when it is 
expressed hy saying, that two straight lines cannot 
inclose a space; and thus we cannot distinctly con- 
ceive the contrary of the propoaitJon just mentioned 
respecting pamllelograms. 

But it is necessary, in applying this distinction, to 
bear in mind the terms of it; — that we cannot dia- 
tiactly conceive the contrary of a necessary truth. For 
in a certain loose, indistincfc way, persons conceive the 
contrary of necessary geometrical truths, when they 
erroneoiusly conceive false propositions to be trne. 
Thus, Hobbes erroneously held that he had discovered 
a means of geometrically 'doubling the cnbe,' as it ia 
called, that is, finding two mean proportionals l*tween 
two given lines ; a problem which cannot be solved by 
plane geometry. Hobbes not only proposed a con- 
struction for this purpose, but obstinately maintained 
that it was right, when it had been proved to be 
wrong. But then, the discussion showed how indis- 
tinct the geometrical conceptions of Hobbes were; for 
when his critics had proved that one of the lines in his 
diagram would not meet the other in the point which 
his reasoning supposed, but in another point near to 
it; he maintainol, in reply, that one of these points 
was large enough to include the other, so that they 
might be considered as the same point Such a mode 
of conceiving the opposite of a geometrical tmth, forms 
no exception to the assertion, that this opposite cannot 
be distinctly conceived. 

In like manner, the indistinct conceptioiks of chil- 
dren and of rude savages do not invalidate the distinc- 
tion of necessary and experiential truths. Children 
and savages make mistakes even with regard to num- 
bers; and might easily happen to assert that 27 and 
38 are equal ta 63 or 64. But such mistakes cannot 
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e arithmetical truths cease to be necessary trutliB. 
When any person conceives these numbers and their 
addition distinctly, by resolving them into parts, or in 
any other way, he sees that their sum is necessarily 65. 
li', on the ground of the possibility of children and 
savages conceiving something different, it be held that 
this is not a necessary truth, it must be held on the 
same ground, that it ia not a necessary truth that 7 
and 4 are equal to 11 ; for children and savages might 
be found so viniamiliar vith numbers as not to reject 
the assertion that 7 and 4 are 10, or even that 4 and 3 
are 6, or 8. But I suppose that no persons would on 
such grounds hold that these arithmetical truths are 
truths known only by experience. 

5. I have taken examples of necessary truths from 
the properties of number and space ; but such truths 
exist no less in other subjects, although the discipiine 
of thought which is requisite to perceive them dis- 
tinctly, may not be so usual among men with regard to 
the sciences of mechanics and hydrostatics, as it is 
with regard to the sciences of geometry and arithmetia 
Yet every one may perceive that there are such truths 
in mechanics. If I press the table with my hand, the 
table presses my hand with an equal force : here is a 
self-evident and necessary truth. In any machine, 
constructed in whatever manner to increase the force 
which I can exert, it is certain that what I gain in 
force I must lose in the velocity which I communicate. 
This ia not a contingent truth, borrowed from and 
limited by observation ; for a man of sound mechanical 
views applies it with like confidence, however novd 
be the construction of the machine. When I oome to 
speak of the ideas which are involved in our mechanical 
knowledge, I may, perhaps, be able to bring more 
clearly into view the necessary truth of general propo- 
sitions on such subjects. That reaction is equal and 
opposite to action, is as necessarily true as that two 
straight lines cannot inclose a space; it is as impc 
ble theoretically to make a perpetual motion by n 
mechanism as to make the diagonal of a square c 
mensurable with the side. 
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6. Necessary truths must bo universal trutlia. If I 
»ny property belong to a rij^t-angled triangle necesgrt- r 
rit}/, it must belong to all right-angled triangles. And 
it shall be proved in the following Chapter, that tnithfl 
poflseasing tbeae two characters, of Necessity and Uni- 
versality, cannot possibly be the mere results of ex- 
perience. 

[Necessary troths are not considered as a portion of 
the Inductive Sciences. They are Deductions from our 
Ideas. Thus the necessary truths which coastitute the 
Science of Geometry are Deductions from our Idea of 
Space ; the necessary truths which constitute the 
Science of Arithmetic are Deductions from our notions 
of Number; which perhaps involves neceasarily the 
Idea of Time. But though we do not call those ■ 
Sciences Irtductivs which involve properties of Space, I 
Number and Time alone, the properties of Space, Time 
and Number enter in many very important ways into 
the Inductive Sciences ; and therefore ttie Ideas of 
Space, Time and Number require to be considered in 
the first placa And moreover the examination of 
these Ideas is an essential step towards the exami- 
nation of other Ideas : and the conditions of the pos- \ 
sibility and certainty of truth, which are exemplified \ 
in Geometiy and Arithmetic, open to us important J 
viewa respecting the conditions of the possibility and 1 
certainty of all Scientific Truth. We shall therefore 1 
in the next Book examine the Ideas on which the Pore J 
Sciences, Geometiy and Arithmetic, are founded. But J 
we must first say a little more of Ideas in general] 
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1. T HEBE employ the term Experience in a more 
X definite and limited sense than that which it 
possesses in common usage; for I restrict it to matters 
belonging to the domain of ecienca In such oaaea, 
the knowledge which wa acquire, by means of experi- 
ence, ia of a clear and precise nature; and the paa- 
aiona and feeling and interests, which make the lessons 
of experience in practical matters 30 dilScult to read 
aright, no longer disturb and confUse \ts. We may, 
therefore, hope, by attending to such cases, to learn 
what efficacy experience really has, in the discovery of 

That traia experience (including intentional erpe- 
rience, or obseroation,) we obtain much knowledge 
"which is highly important, and which could not be 
procured from any other source, is abundantly clear. 
We have already teken several examples of auch know- 
ledge. We know by experience that animals which 
ruminate are cloven-hoofed ; and we know this in no 
other manner. We know, in like manner, that all the 
planets and their satellites revolve round the sun fi^m 
west to east It has been found by experience that all 
meteoric stones coniain chrome. Many similar poiv 
tions of our knowledge might bo mentioned. 

Now what we have here to remark is this; — that 
in no case can experience prove a proposition to be 
neeeasarily or universally true. However many in- 
stances we may have observed of the truth of a propo- 
sition, yet if it be known merely by observation, there 
ia notUng to assure us that the next case shaU not be 
an exception to the rula If it be strictly true that 
every ruminant aaimal yet known has cloven hoofe, we 
VOL. L * y 
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still cannot be aure that some creature will not here- 
afber be discovered which has the first of these attri- 
butes without having the other. When the planets and 
their satelUtes, as fiir as Satam, had been all found to 
move round the sun in one direction, it was still possible 
that there might be other such bodies not obeying this 
rule; and, accordingly, when the Eatellitea of ITranuB 
were detected, they appeared to offer an. exception of 
this kdnd. Even in the mathematical sciences, 
have examples of Buch rules suggested by experiei 
and also of their precariousness. However for they may 
have been tested, we cannot depend upon their correct- 
ness, except we see some reason for the rula For 
instance, various rules have be^i given, for the porposa 
of pointing out prime num&ers,' that is, those which 
cannot be divided by any other number. We may try, 
as an example of such a rule, this one — any odd power 
of the number two, diminished by one. Thus the third 
power of two, diminished by one, is seven; the fifth 
power, diminished by one, is thirty-one; the seventh 
power EO diminished is one hundred and twenty-seven. 
All these are prime numbers : and we might be led to 
suppose that the rule is universaL But the next ex- 
ample shows OS the fallaciousness of such a belief The 
ninth power of two, diminished by one, is five hundred 
and eleven, which is not a prime, being divisible by seven. 
Experience must always consist of a limited nnm' 
ber of observations. And, however numerous these 
may be, they can show nothing with regard to the in- 
finite number of coses In which the experiment has not 
been made. Experience being thus unable to prove a 
£tct to be universal, is, as will readily be seen, still 
more incapable of proving a truth to be necessary. 
Experience cannot, indeed, offer the smallest ground 
for the necessity of a proposition. She can observe and 
record what has happen^; but she cannot find, in an; 
case, or in any accumulation of cases, any reason for 
what miisl happen. She may see objects side by side; 
but she cannot see a reason why they must over be sida 
by side. She finds certain events to occur 
monj but the suocesaion supplies, in its occuirenoe, aa: 
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reason for its recurrence. She contemplates eKtemal 
object« ; but she cannot detect any internal bond, which 
indissolubly connects the future with the past, the pos- 
sible with the real To learn a projwaition by experi- 
ence, and to see it to be necessarily true, are two alto- 
gether different processes of thought 

a. But it may be said, that we do learn by means 
of observation and experience many universal truths; 
indeed, all the general truths of which science consists. 
la not the doctrine of universal gravitation leomt by 
experience! Are not the lawn of motion, the proper- 
ties of hght, the general principles of chemistry, so 
learnt 1 How, with these examples before us, can we 
say that experience teaches no universal truths! 

To this we reply, that these truths can only be 
known to he general, not universal, if they depend upon 
experience alone. Experience cannot bestow that uni- 
versality which she herself cannot have, and that necea- 
sity of which she has no comprehension. If these doo- 
trines are universally true, this universality flows from 
the ideas which we apply to our experience, and which 
are, as wo have seen, the real sources of necessary 
tnitL How far these ideas can communicate thdr 
univeraahty and necesaity to the results of experience, 
it will hereafter be our business to consider. It will 
then appear, that when the mind collects from obaervai- 
tion truths of a wide and comprehensive kind, which 
approach to the simplicity and universality of the 
truths of pure science ; she gives them this character 
by throwing upon them the light of her own Funda- 
mental Ideas. 

But the truths which we discover by observEtion of 
the external world, even when most strikingly simple 
and universal, are not neceiisary truths. Is the doc- 
trine of universal gravitation necessarily true! It was 
doubted by Clairaut (so fer as it refers to the moon), 
when the progression of the apogee in fact appeared to 
be twice ae great as the theory admitted. It has been 
doubted, even more recently, with respect to the planet^ 
their mutual perturhations appearing to indicate a de- 
viation from the law. It is doubted still, by some 
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persoDH, with respect to the double stara. But sup- I 
pose aJl these doubts to be banished, and the lav to be | 
nniversal; is it then proved to be necessary! Maui- | 
festly not; the very existence of these doubts proves 
that it is not aa For the doubts were dissipated hy 
reference to observation und calculation, not bj n 
ing on the nature of the law, ClaiiKut's difficulty was 
removed by a, more exact calculation of the effect of 
the snm's force on the motion of the apogee. The sug- 
gestion of Bessel, that the intensily of gravitation 
might be different for different planets, was found to 
be unnecessary, when Professor Airy gave a more 
accurate determination of the mass of Jupiter. And 
the question whether the extension of the law of the 
inverse square to the double stars be true, (one of the 
most reniarkiible questions now before the scientific 
world,) must be answered, not by any speoulationa 
concerning what the laws of attiwrtion must necea- 
sarily be, but by carefully determining the actual laws | 
of the motion of these curious objects, by means of the i 
observations such as those which Sir John Herschel 
has collected for that purpose, by his unexampled si 
vey of both hemispheres of the sky. And since t 
extent of this truth is thus to be determined by refer- 
ence to observed focts, it ia clear that no mere acci 
mulation of them can make its universality certain, ( 
its necessity apparent. 

Thus no tnowledge of the necessity of any truths 
con result from the observation of what really happens. 
This being clearly understood, we are led to an im- 
portant inquiry. 

The characters of universality and necessity in the 
truths which form part of our knowledge, can never 
be derived from experience, by which so lai^e a part 
of our knowledge is obtained. But since, as we have 
seen, we really do possess a large body of truths which 
are necessary, and because necessary, therefore univer- i 
sal, the question still recnrs, from what source these | 
characters of universalily and necessity are derived. 

The answer to this question we will attempt to give 
in the next chapter. 



CHAPTER V. 
Of the Gkounds of NECESSAJtv Truths. 
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I, npO the question just stated, I reply, that the 
X necessity and universality of the trutha which 
form a, part of our knowledge, mb derived from the 
Fimdamenlat Ideas which those trutha involve. These 
ideas Hitirely shape and circumscribe our knowledge; 
they regulate the active operations of our minda, with- 
out which our passive aenaationa do not become kuow- 
ledga They govern these operations, according to 
rules ■which are not only fixed and permanent, but 
which may be expressed in plain and definite terms; 
and theae rules, when thus expressed, may be made 
the hasia of demonstrations by whicli the necessary 
relations imparted to our knowledge by our Ideas may 
bo traced to their consequences in the most remote 
ramifications of scientific truth. 

These enunciations of the necessary and evident 
conditions imposed upon our knowledge by the Fun- 
damental Ideas which it involves, are termed Annoms. 
Thus the Axioms of Geometry express the necessary 
conditions which result from the Idea of 3piu;e; the 
Axioms of Mechanics espress the necessary conditions 
which flow fiom the Ideas of Force and Motion ; and 

2. It will be the ofBce of several of the succeeding 
Books of this work to establish and illustrate in detail 
what I have thus stated in general terms. I shall 
there pass in review many of the moat important fun- 
damental ideas on which the existing body of our 
Bcience depends; and I shall endeavour to show, for 
each such idea in succession, that knowledge involves on 
active as well as a passive element; that it is not pos- 
sible without an act of the mind, regulated by certain 
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3. To persons (kmiHar with any of the demonstra- 
tive BcieDcefl, it will be apparent that if we state all 
the DcfinitiMu aud Axioms whidi are emplojed id 
die demonabaliixt^ we state iJie wfade basis oa whid 
tboee reasonmgB rest For the whole proccas of de- 
monstTatiTe or dednctire reasoning in any science, (aa 
in geomeby, for instance,) consists ^itirdy in com- 
bining some of these first principles so as to obtain the 
simplest propositions of the science; then combining 
these so as to obtun other propositions of greater cton- 
plesjty; and so on, till we advance to the most recon- 
dite demonstrable truths; these last, however inbicate 
and unexpected, still involving no principles except 
the original definitdons and axioms. l%ns, b; cont- 
bioing the Definition of a triangle, and the Definitions 
of equal lines and equal an^es, namelv, that they are 
such aa when applied to each other, coincide, with the 
Axiom respecting straight lines (that two sach lines 
cannot incloee a space,) we demonstrate the equality of 
triangles, under certain assumed conditions. Again, 
by combining this result with the Definition of paral- 
lelograms, and with the Axiom that if equals be taken 
from equals the wholes are equal, we prove the equality 
of parallelograms between the same piuullels and npon 
the same base. From this proposition, agiuu, we prOTe 
the equality of the square on the hypotenuse of a tri- 
angle to the squares on the two aides containing the 
right angle. But in aU this there is nothing contained 
which is not rigorously the result of our geometrical 
Definitions and Axioms. All the rest of our treatises 
of geometry consists only of terms and phrases of rear- 
Boning, the object of which is to connect those fiist 
principles, and to exhibit the effects of their combina- 
tion in the shape of demonstration. 
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4. This comljijiation of first principles tatea place 
accordmg to the forma and rules of Logic. All the 
steps of the demoDBtration may he stated in the shape 
in which lo^cians are accustomed to exhibit proCeasea 
of reasoning in order to show their conclnaivenesa, that 
is, in Syllogisms. Thos our geometrical reasouinga 
might be resolved into Buch steps as the foUowing : — 

All etrwght lines draAtu from the centre of 11 circle 
to its eircinaference are equal : 

But the straight lines ab, ac, are drawn fi-om the 
centre of a circle to its circumference : 

Therefore the straight lines ab, ac, ore equal. 

Each step of geometrical, and alt other demonstra- 
tive reasoning, may be resolved into three such clauses 
as these; and these three clauses are termed respec- 
tively, the Timjor premiss, the minor premas, and the 
conclusion; or, more briefly, the fiu^or, the mmor, and 
the eimicuiion. 

The principle which justifies the reasoning when 
exhibited in this syllogistic form, ia this : — that a truth 
which can be asserted as generally, or rather as uni- 
versally true, can be asserted as true also in each 
particular case. The minor only asserts a certain 
particular ease to he an example ai such conditions as 
are spoken of in the miyor; and hence the conclusion, 
which is true of the major by supposition, ia true of 
the minor by consequence; and thus we proceed from 
^Uogiam to syllogism, in each one employing some 
general truth in some particular instance. Any proof 
which occurs in geometry, or any other science of de- 
monstration, may thus be reduced to a series of pro- 
oeeses, in each of which we pass from some general 
proposition to the narrower and more special proposi- 
tions which it includes. And this process of deriving 
tratha by the mere combination of general principles, 
applied in particular hypothetical cases, is called de- 
duetion; being opposed to inductum, in which, as we 
have seen (chap. i. sect 3), a new general principle is 
introduced at every step. 

5. Now we have to remark that, this being so, how- 
ever far we follow such deductive reasoning, we can 
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never liav^ in our conclosioQ any truth wUch 
TirtuaU}' included in the origin&l principles from 
the reasoning started. For since at anv etep ve merely 
take out of a general proposition sotnetimig indmled 
in it, while at the preceding step we have taken ibis 
general proposition ont of one more general, and so on 
peipetnaUj, it is manifest Uiat our last result was 
really included in the jninciple or principles with 
which we b^an. I say prineiplet, because, altJioagh 
our logical conclusion can only exhibit the legituuate 
issue of our first principles, it may, nevertholeas, ooft- 
toin the result of the combinatioa of several such 
principles, and may thus assume a great d^ree of 
complexity, and may appear so far removed from the 
parent truths, as h> betray at first sight hardly any 
relationship with them. Thus the proposition whidi 
has already been quoted respecting the squares on the 
sides of a right-angled triangle, contalos the results of 
many elementary principles ; as, the definitions of 
parallels, triangle, and square; the axioms respecting 
straight linea, and respecting parallels; and, perhaps, 
others. The conclusion is complicated by containing 
the effects of the combination of all these elements; 
but it contains nothing, and can contain nothing, but 
such elements and their combinations. 

This doctrine, that logical reasoning produces no 
new truths, but only unfolds and brings into view 
those truths which were, in efiect, contained in the 
first principles of the reasoning, is assented to by almost 
all who, in modem times, have attended to the science 
of logic. Such a view is admitted both by those who 
defend, and by those who depreciate the value of logic 
' Whatever is established by reasoning, must have 
been contained and virtually asserted in the premises'." 
' The only truth which such propositions can possess 
conaiste in conformity to the original principles.' 

In this manner the whole Bubatance of our geometry 
is reduced to the Definitions and Axioms which we 
employ in our elementary reasonings; and in like man- 
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ner we reduce tte demonsjtrative truths of any other 
science to the definitions and axioms which we there 
employ. 

6. Bnt in reference to this subject, it has Eometimea 
been said that demonstrative acieneea do in reality 
depend upon Definitions only ; and that no addition&l 
kind of principle, auch as we have supposed Axioms to 
be, ia absolutely required It has been asserted that 
in geometry, for example, the source of the necessary 
truth of our propositions is this, that they depend 
upon definitions alone, and consequently merely state 
the identity of the same thing under different aspects. 

That in the sciences which admit of demonstration, 
as geometry, mechanics, and the like, Axioms as well 
as Definitions are needed, in order to express the 
grounds of our necessary conyictions, must bo shown 
hereafter by an examination of each of these sciences 
in particular. But that the propositions of these 
sciences, those of geometry for ejcample, do not merely 
assert the identity of the same thing, will, I think, be 
generally allowed, if we consider the assertions which 
we are enabled to maka When we declare that ' a 
straight line is the shortest distance between two 
points,' is this merely an identical proposition? the 
definition of a straight line in another form? Not ao : 
the definition of a Etraight line involves the notion of 
form only, and does not contain anything about mag- 
nitude ; consequently, it cannot contain anything equi- 
valent to 'shortest.' Thus the propositions of geometry 
are not merely identical propositions; nor have we in 
their general character anything to countenance the 
assertion, that they are the results of definitions alone. 
And when we come to examine this and other sciences 
more closely, we shall find that asioms, such aa are 
usually in our treatises made the ftindamental principles 
of our demonstrations, neither have ever been, nor can 
be, dispensed with. Axioms, as well as Definitions, 
are in all cases requisite, in order properly to exhibit 
the grounds of necessary truth. 

7, Thus the real logical baais of every body of de- 
monstrated truths are the Definitions and Axioms 
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which are the first prinriples of the reasomngs. 
when we are arrived at this point, the qaeetion ' 
occurs, vhat is the ground of the truth of these Axioms f 
It ill not the logical, but the phUoee^hical, not the 
formal, but the real foundalioD of neceeeary truth, 
which we are seeking. Hence this inquiry neceesarUy 
comes before ns, What is the ground of the Axioms of 
Geometry, of Mechanics, and of any other demonatn- 
Ueaciemcel 

The answer which we are led to pve, by the view 
which we hiiTe token of the nature of knowledge, has 
^refuly been Btated. The ground of the axioms be- 
longing to each science is the Idea which the axiom 
involves. The ground of the Axioms of Geometry is 
the Idea of .Space ; the ground of the Asaoms of Me- 
chanics is the Idea of Force, of Action and Heaetioti, 
and the like. And heuce these Ideas are FimdamenttU 
Ideas; and ranee they are thus the foundations, nob 
only of demonstration but of truth, an examination 
into their real import and nature is of the greatest 
consequence to our purpose. 

8. Not only the Axioms, but the definitions which 
form the basis of our reasonings, depend upon our 
Ftmdameatsl Ideas. And the Definitions are not ar- 
bitrary definitions, but are determined by a necessity 
no lees rigorous than the Axioms themselvea. We 
conld not think of geometrical truths without conceiv- 
ing a circle ; and we could not reason concerning such 
ftiiths without defining a circle in some mode equiva- 
lent to that which is commonly adopted. The Defi- 
nitions of parallels, of right angles, and the like, are 
quite as neoesaarily prescribed by the nature of the 
case, as the Axioms which these Definitions bring 
with thetn. Indeed we may substitute one of these 
kinds of principles for another. We cannot always put 
a Definition in the place of an Axiom; but we may 
always find an Axiom wluch shall take the place of a 
Definition. If we assume a proper Axiom respecting 
straight lines, we need no Definition of a straight lina 
But in whatever shape the ppindple appear, as Defi- 
nition or as Axiom, it has about it nothing casual or 
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arbitrary, but is determined to be what it is, as to its 
import, by the moat rigorous necessity, growing out of 
the Idea of Space. 

9. These principles,— Definitions, and Axioms,^ 
thus exhibiting the prinuuy developments of a, fim- 
damentaJ idea, do in iact express the idea, so &r as 
its expression in worda forms part of onr science. 
They are different views of the same body of truth; 
and though each principle, by itaelf, exhibits only one 
aspect of this body, taken together they convey a suf- 
ficient conception of it for our purposes. The Idea 
itself cannot be fixed in words ; bat these various lines 
of truth proceeding from it, suggest sufficiently to a 
fitly-prepared mind, the place where the idea resides, 
its nature, and its efficacy. 

It is true that these principles, — our elementary 
Definitions and Axioms, ^-even taken all together, ex- 
press the Idea incompletely. Thus the Definitions and 
Axioms of Geometry, as they are stated in our ele- 
mentery works, do not fiilly express the Idea of Space 
as it exists in our minds. For, in addition to these, 
other Axioms, independent of these, and no leas evi- 
dent, can be stated; and are in iact stated when we 
come to the Higher Geometry. Such, for instance, is 
the Aaiom of Archimedes— that a curre line which 
joins two points is less than a broken line which joins 
the some points and includes the curve. And thus the 
Idea is dwclosed but not fully revealed, imparted but 
not transfused, by the use we make of it in science. 
When we have taJten from the fountain so much as 
eervea our purpose, there still remains behind a deep 
well of truth, which wo have not exhausted, and 
which we may easily believe to be inexhaustible. 
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I. "DT the course of speculatioii contained in the 
JJ last three Chapters, wo are again led to the 
conclusion wliich we have already stated, that our 
knowledge contains an ideal element, and that this 
element is not derived from experienea For we have 
Been that there are propositions which are known to 
be necessadrily true; and tbat such knowledge ia not, 
and cannot be, obtained hy mere observation of actual 
&ct8. It has been shown, also, that these neeasaary 
truths are the results of certain fundamental ideas, 
auch as those of Bjiace, number, and the lika Hence 
it follows inevitably that these ideas and others of the 
same kind are not derived from experience. For these 
ideas possess a power of infiiaing into their develop- i 
meuts that very necessity which experience can in no I 
way bestow. This power they do not borrow from the 
external world, but possess by their own nature. Thus 
we unfold out of the Idea of Space the proiK>aitiona of 
geometry, wliich are plainly truths of the most rigor- 
ous necessity and universality. But if the idea of space 
were merely collected from observation of the external 
world, it could never enable or entitle us to assert 
such pro]w3itions ; it could never authorize us to say 
that not merely some lines, but all lines, not only 
have, but mrngt have, those properties which geometry 
teaches. Geometry in every proposition speaks a lan- 
guage which experience never dares to utter; and in- 
deed of wliich she but half comprehends the meaning. 
Experience sees that the assertions are true, but she 
sees not how profound and absolute is their truth. 
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She imlieaitiatmgly aaseuta to the Liirs which geometry 
ddivers, but she does not pretend to see the origin of 
their obligation. She is always ready to acknowledge 
the sway of pure scientific principles as a matter of 
fact, but she does not dream of offering her opinion on 
their authority as a matter of right; still leas can she 
justly claim to be herself the source of that authority. 

David Hume asserted', that we are incapable of 
seeing in any of the appearances which the world pre- 
sents anything of necessary connexion ; and hence he 
inferred that our knowledge cannot extend to any such 
connexion. It will be seen from what we have said 
that we a^ent to his remark as to tlie &ct, but we 
differ from bim altogether in the consequence to be 
drawn ft«in it. Our inference from Hume's observa- 
tion is, not the truth of his conclusion, but the Mse- 
hood of his premises;— not that, therefore, we can 
know nothing of natural connexion, but that, there- 
fore, we have some other source of knowledge than ex- 
perience i^not, that we can have no idea of connexion 
or causation, because, in his language, it cannot be the 
copy of an impression ; but that since we have such an 
idea, our ideas are not the copies of our impresaiona. 

Since it thus appears that our fundamental ideas are 
not acquired from the external world by our senses, 
but hare some separate and independent origin, it is 
important for us to examine their nature and proper- 
tiea, as they exist in themselves; and this it will be 
our bua&iesH to do through a portion of the following 
pages. But it may be proper first to notice one or 
two objections which may possibly occur to some 



a. It may be said that without the use of our 
senses, of sight and touch, for instance, we should 
never have any idea of space; that this idea, therefore, , 
may properly be said to be derived from those senses. 
And to this I reply, by referring to a parallel instance; 
Without light we should have no perception of visible 
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figure ; yet the power of perceiving visible (_ 
not be SEud to be derived fnna the light, but r< 
the structure of the eye. If we had never soen objects 
in the light, we should be quite un&ware thai we pos- 
seMed a power of viaion; yet we should not poaaess it 
the lest on that acconnt. If we had never exerdsed 
the senses of sight and tonch (if we can conceive sach 
a state of homaji exist«ice) we know not that we 
should be coii£cioua of an idea of space. But the light 
reveals to ufi at the same time the existence of external 
objects and our ovn power of ae^Dg. And in a very 
Etntilar manner, the exerciae of our senses discloses to 
iia, at the same time, the extenial world, and onr own 
ideas of space, tim^ and other conditions, without 
which the external world can neither be observed ncr 
conceived. That light is necesaaiy to vi^on, does not, 
ia any degree, supersede the importance of a separate 
examination of the laws of our visoal powers; if we 
would miderstand the nature of our own bodily facul- 
ties and the extent of the information they can give 
us. In like manner, the fact that intercourse with the 
external world is neccKaiy for the conscious employ- 
ment of our ideas, does not make it the less essentia] 
for UH to examine those ideas in their most intimate 
structure, in order that we may understand the grounds 
and limits of our knowledge. Even before we see a 
single object, we have a faculty of vision; and in like 
manner, if we can suppose a man who has never con- 
templated an object in space or time, we must still 
assume him to have the fiunilties of entertaining the 
ideas of apace and time, which fiiculties are called into 
play on the very first occasion of the use of the senses: 
3. In answer to such r^uarks as the abov^ it haa 
sometimes been said that to assume sqiarate fitcultiea 
in the mind for so many different processes of thought^ 
is to give a mere verba! explanation, since we leani 
nothing concerning our idea of space by being told 
that we have a faculty of forming such an idea. It 
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constitiitioiL We may, it is said, assart man to have a 
Acuity of walking, of standing, of breathing, of speak- 
ing; but what, it is aeked, is gained by such aasertionBT 
To thia I reply, that we undoubtedly have such facul- 
ties as those just named; that it is by no means uuimr 
portant to ramsider them; and that the main question 
in such cases is, whether t^ey are sc^tarate and inde* 
pendent faculties, or complex and derivative once; 
and, if the tatt«r be the case, what are the simple 
and original &cultiea by the combination of which the 
others are produced. In walking, atanding, breathing, 
for instance, a great part of the operation can be re- 
duced to one single faculty; the voluntary exercise of 
our muscles. But in breathing this does not appear to 
be the whole of the process. The operation is, in part 
at least, involtmtary ; and it has been held that there 
ia a certain ^mpathetic action of the nerves, in ad- 
dition to the voluntary agency which they transmit, 
which is essential to the function. To determine 
whether or no this sympathetic iaculty ia real and 
distinct, and if so, what ore its laws and limits, is 
certainly a highly philosophical inquiry, and well de- 
serving the attention which has been bestowed upon it 
by eminent physiologists. And just of the same nature 
are the inquiries with respect to man's intellectoal 
constitution, on which we propose to enter, Tor in- 
stance, man has a faculty of apprehending time, and a 
fiiculty of reckoning numbers : are these distinct, or ia 
one fiwulty derived from the other? To analyze the 
various combinations of our ideas and observations into 
the original facullaea which they involve; to show that 
these iaculties are original, and not capable of further 
analysis : to point out the characters which mark these 
fa«niltiea and lead to the most important features of 
our knowledge; — these are the kind of researches on 
which we have now to enter, aod these, we trust, will 
be found to be far from idle or useless parts of our 
plan. If wo succeed in such attempts, it will appear 
,t it is by no means a frivolous or superfluous step 
distinguish separate iaculties in the mind. If we 
not learn much by being told that we have a faculty 
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of forming the idea of space, we at least, hj sach a 
commencement, drcumscribe a certain portion of the 
field of onr investigations, which, we shall afterwards 
endeavonr to show, requires and rewards a special ex- 
amination. And though we shall thus have to sepa- 
rate the domain of onr philosophy into many provinces, 
these are, as we trust it will appear, neither arbitrarily 
assigned, nor vague in their limits, nor infinite in 
number. 



CHAPTER YII. 

Of the Philosophy op the Sciences, 



WE proceed, iu the ensuing Books, to the cliser 
examination of a considerable number of those 
Fundamental Ideas on which the sciencea, hitherto 
most auccesaiiilly cultivated, are founded. In this 
task, our objects irill he to explain and analyze such 
Ideas so as to bring into vie^? the Definitions and 
Ajdoms, or other forms, in which we may clothe the 
conditions to which our speculative knowledge is sub- 
jected. I shall also try to prove, for some of these 
Ideas in particular, what has been already urged re- 
specting them in general, that they are not derived 
from observation, but necessarily impose their condi- 
tions upon that knowledge of which observation aup- 
plies the materials. I shall IVirther, in some cases, 
endeavour to trace the history of these Ideas as they 
have successively come into notice in the progress of 
science; the gradual development by which they have 
arrived at their due purity and clearness; and, as a 
necessary part of such a history, I shall give a view of 
some of the piincipal controversies which have taken 
place with regard to each portion of knowledge. 

An expotdtion and discussion of the Fundamental 
Ideas of each Science may, with great propriety, be 
termed the Philosophy op such Sciesck These ideas 
contain in themselves the elements of those truths 
which the science discovers and onimciates ; and in 
tbe progress of the sciences, both in the world at large 
and in the mind of each individual student, the most 
important steps consist in apprehending these ideas 
clearly, and in bringing them into accordance with the 
observed facts. I shall, therefore, in a series of Books, 
VOi. I. a 
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treat of the Philosophy of the Pure Sciences, the Philo- 
sophy 0/ t!ie Meeha/mcai ScKrtces, the Philosophy of 
CJunmistry, aad the like, and shall analyze and examine 
the ideas which these sciences respectively involve. 

In this undertaking, inevitably somewhat long, and 
involving many deep and subtle discuBsioiiB, I shall 
take, as a chart of the country befoi-e me, by which 
my course ia to be guided, the scheme of the sciences 
which I waa led to form by travelling over the history 
of each in order'. Each of the scieucea of whicli I 
ti.en narrated the progress, depends upon aeveral of 
the Fundamental Ideas of which I have to speak : 
some of those Ideas are peculiar to one field of specu- 
lation, others are common to more, A previona enn- 
meration of Ideas thus collected may serve both to 
show the course and limite of thia part of our plan, 
and the variety of interest ■which it offers. 

I shall, then, auccesaivdy, have to speak Of the Ideas 
which are the foundation of Geometry and Arithmetic, 
(and which also regulate all sciences depending upon 
these, as Astronomy and Mechanics;) namely, tlie 
Ideas oi Space, Time, and Numher {Book n.): 

Of the Ideas on which the Mechanical Bdencea (as 
Mechanics, Hydrostatics, Physical Astronomy) more 
peculiarly rest; the ideas of Force and Matter, or 
rather the idea of Cause, which is the basis of these 
(Book iil) : 

Of the Ideas which the Secondary Mechanical 
Sciences (Acoustics, Optics, and Thermotics) involve; 
namely, the Ideas of the Extemcdity of objects, and 
of the Media by which we perceive their qualities 
(Bookrv.): 

Of the Ideas which are the basis of Mechanico- 
chemical and Chemical Science; PolarUy, Chemical 
Aj^nity, aad Substance; and the Idwi ot Symmetry, a 
necessary part of the Philosophy of Crystallography 
(Books V. vl): 

Of the Ideas on which the Classificatory Sciences 
proceed (Mineralogy, Botany, and Zoology); namely. 
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the Ideas of Eesemhlcmce, and of its gradations, and of 
NaJbivral Affinity (Books vn. vni.) : 

Finally, of those Ideas on which the Physiological 
Sciences are founded; the Ideas of separate Vital 
Powers, such as AsmnUaMon and IrrUitbUity; and 
the Idea of Final Cause (Book ix) : 

We have, besides these, the Palsetiological Sciences, 
which proceed mainly on the conception of Historical 
Ca'usaMon (Book x.) : 

It is plain that when we have proceeded so far as 
this, we have advanced to the verge of those specula- 
tions which have to do with mind as well as body. 
The extension of our philosophy to such a field, if it 
can be justly so extended, wiU be one of the most im- 
portant results of our researches; but on that very 
account we must fully study the lessons which we 
learn in those fields of speculation where our doctrines 
are most secure, before we venture into a region where 
our principles will appear to be more precarious, and 
where they are inevitably less precisa 

We now proceed to the examination of the above 
Ideas, and to such essays towards the philosophy of 
each Science as this course of investigation may sug- 
gest. 
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The way in which we are led to regard hmnan knowledge is 
like the way in whidi GopermcuB was led to regard the heavens. 
When the explanation of the celestial motions coold not be made 
to go right so l<Mig as he assumed that all the host oi stars turns 
ronnd the spectator, he tried whether it would not answer better 
if he made the spectator turn, and left the stars at rest. We 
may make a similar trial in Metaphysics, as to our way of look- 
ing at objects. If our view of them must be goyemed alto- 
gether by the properties of the objects themselyes, I see not how 
man can know anything about them d priori. But if the thing, 
as an object of the senses, is regulated by the oonstituticm of our 
power of knowing, I can very readily represent to myself this 

possibility. 

Kant, Kritik d, J2. F. Pref. 
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[The priDcipal question discussed in the hM Book 
wsa this (see chaps, v. and vi. ) ; How are necessary and 
universal truths possdhleJ And the answer then given 
was ; that the necessity and universality of truthB are 
derived froia the Fundamental Ideas which they involve. 
And we proceed in this Book to exemplify this doc- 
trine in the case of the truths of (Jeometry and Arith- 
metic, which derive their necessity and universality 
from the Fundamental Ideas of Space, and Time, or 
Number. 

The quegtion thus examined is that which Kant 
undertook to deal with in his celebrated work, Kriiik 
der reinen, Vemunfi {Examination of Uie Pure Rear- 
aim) : and our solution of the Problem, so &r as the 
Ideas of Space and Time are concerned, agrees in the 
main with his. The arguments contained in chapters 
IL and VI. of this Book, are tlie leading arguments 
respecting Space and Time, in Kant's Eritik. Ktmt, 
however, instead of calling Space and Time Ideas, 
calls them the necessary Forma of our experience, as I 
bare stated in the text 

But though I have adopted Kant's ai^umenta as to 
Space and Time, all that follows in the succeeding 
Books, with regard to other Ideas, has no resemblance 
to any doctrines of Kant or his school (with the excep- 
tion, perhaps, of some of the views on the Idea of 
CVkmb). The nature and character of the other Scientific 
Ideas which I have examined, in the succeeding Books, 
have l>een established by an analysis of the history of 
the several Sciences to which those Ideas are essential, 
and an examination of the wiitings of the principal 
diaeoverera in those Sciences.] 



CHAPTER I. 
Of the Pure Sciences. 



I. Al'IJ external objects and events ■wliich ■we can 
XlL contemplate are viewed aa having relations of 
Space, Time, and Number; and are Enbject to the 
general conditions which these Ideas impose, as well as 
to the particular laws which belong to each class of 
objectfl and occurrences. The special laws of nature, 
considered under the various aspects which constitute 
the different sciences, are obtained by a mixed refer- 
ence to Experience and to the Fundamental Ideas of 
each science. But heaidea the sciences thus formed by 
the aid of specW. esperienoe, the conditions which 
flow from those more comprehensive ideas iirst men- 
tioned, Space, Time, and Number, constitute a body 
of science, applicable to objects and changes of all 
kinds, and deduced without recurrence being had to 
any observation in particular. These sciences, thus 
unfolded out of ideas alone, unmixed with any refer- 
ence to the phenomena of matter, are hence termed 
Pure Scienora. The principal sciences of this class 
are Geometry, Theoretical Arithmetic, and Algebra 
considered in its moat general sense, as the investiga- 
tion of the relations of space and number by means of 
general symbols. 

2. These Pure Sciences were not included in our 
Burv^ of the history of the sciences, because they are 
not imductive sciences. Their progress has not con- 
sisted in collecting laws from phenomena, true theories 
from observed facte, and more general from more 
limited laws; but in tracing the consequences of the 
ideaa themsdves, and in detecting the moat general 
and intimate analogies and connexions which prevail 
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among siich conceptions as are derivable from the 
ideas. These Bciencea have no principles besides defi- 
nitions and axiomB, and no process of proof but (feditc- 
tirm; this process, however, assuming here a. most re- 
markable character; and exbibiting a combination of 
simplicity and complexity, of rigour and generality, 
quite unparalleled in other subjects. 

3. The universality of the truths, and the rigour of 
the demonstrations of these pure sciences, attracted 
attention in the earlieflt times; and it was perceived 
that they offered an exercise and a discipline of the 
intellectual faculties, in a. form peculiarly free from 
admixture of extraneous elements. They were strenu- 
ously cultivated by the Greets, both with a view to 
such a discipline, and from the love of speculative 
truth which prevailed among that people : and the 
name mathematics, by which they are designated, in- 
dicates this their character of disdplinal studies. 

4. As has already been said, the ideas ■which these 
sciences involve extend to all the objecte and changes 
which, we observe in the external world; and hence 
the consideration of mathematical relations forms a 
large portion of many of the sciences which treat of 
the phenomena and laws of external nature, as Astro- 
nomy, Optica, and Mechanics. Such sciences aro hence 
often termed Mixed Mathemalieg, the relations of space 
and number being, in these branches of knowl^ge, 
combined with principles collected fi^m special obser- 
vation; while Geometry, Algebra, and the like sub- 
jects, which involve no result of experience, are called 
Pv^e Mathematics. 

5. Space, time, and nimiber, may be conceived as 
fffrmt by which the knowledge derived fium our sensa- 
tions is moidded, and which are independent of the dif- 
ferences in the maUer of our knowledge, arising from 
the sensations themselves. Hence the sciences which 
have these ideas for their subject may be termed For- 
mal SfAencea. In this point of view, they are distin- 
guished from sciences in which, besides these mere 
formal laws \sj which appearances are corrected, we 
endeavour to apply to the phenomena the idea of cause, 
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or some of the other ideas which penetrate further 
into the principles of nature. We have thus, in the 
EEistoiy, distinguished Formal Astronomy and Formal 
Optics from Physical Astronomy and Physical Optics. 

We now proceed to our examination of the Ideas 
which constitute the foundation of these formal or 
pure mathematical sciences, beginning with the Idea of 
Space. 



CHAPTER II. 
Of the Idea of Space. 



BY speaking of space t 
imply, I • ■ • 



I Idea, I intend to 

i lias already been stated, that tlie 
apprehension of objects as existing in space, and of the 
relations of positioii, 4c., prevailing among them, is not 
a consequence of experience, but a result of a peculiar 
constitution and activity of the mind, which is inde- 
pendent of all experience in its origin, though con- 
stantly combined with experience in its exercise. 

That the idea of space is thus independent of experi- 
ence, has already been pointed out in spetikuig of ideas 
in general ; but it may be uaefLd to illustrate the doc- 
trine further in this particular case. 

I assert, then, that space is not a notion obttiiued 
by experience. Experience gives us information con- 
cerning things without us : but our apprehending them 
as without ufi, takes for granted their existence in 
space. Experience acquaints us what are the form, 
position, magnitude of particular objects ; but that they 
have form, position, magnitude, presupposes that they 
are in space. We cannot derive from appearances, by 
the way of observation, the habit of representing things 
to ourselves as in space ; for no single act of observa- 
tion is possible any otherwise than by b^;inning with 
sach a representation, and conceiving objects as already 
existing in space. 

3. That our mode of representing space to ourselves 
is not derived from experience, is clear also from this ; 
— that through this mode of representation we arrive 
at propositions which are rigorously universal and 
necessary. Propositions of such a kind could not pos- 
sibly be obtained from experience; for experience can 
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onJy toach lis by a limited number of examples, and 
therefore can never securely establish a universal pro- 
position : and again, experience can only inform us that 
anything is so, and can never prove that it must be so. 
That two sides of a triangle are greater than the third 
ia B, universal and necesaaiy geometrical truth : it is 
true of all triangles; it is true in such a 'way that the 
contrary cannot he conceived. Experience could not 
prove such a proposition. And experience has not 
proved it; for perhaps no man ever made the trial as 
a means of removing doubts : and no trial could, in 
&cti, add in the smallest degree to the certainty of this 
truth. To aoefc for proof of geom.etrical propositions 
by an appeal to observation proves nothing in reality, 
except ttiat the person who Iws recourse to such grounds 
has no due apprehension of the nature of geometrical 
demonstration. We have heard of persona who con- 
vinced themselves by measarement that the geometri- 
cal rale respecting the squares on the sides of a right- 
angled triangle was true : but these were persons whose 
minds had been engrossed by practieal habits, and in 
whom the speculative development of the idea of spa«e 
had been stifled by other employments. The practical 
trial of the rule may illustrate, but cannot prove it. 
The rule will of course be confirmed by such trial, 
because what is true in general is true in particular : 
but the rule cannot be proved from any number of 
trials, for no accumulation of particular cases mak^ up 
a universal case. To all persons who can see the force 
of any proof^ the geometrical rule above referred to is 
as evident, and its evidence as independent of experi- 
ence, as the assertion that sixteen and nine make 
twenty-five. At the same time, the truth of the geo- 
metrical rule is quite independent of numerical truths, 
and results from the relations of space alone. This 
ooidd not be if our apprehension of the relations of 
space were the iriiit of experience : for experience has 
no element from which such truth and such proof 
could arise. 

3. Thus the existence of nec^sary truths, each aa 
those of geometry, proves that the idea of space from 
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■whicli they flow is not derived from experience. Such 
tmtlis are inconceivable on tlie supposition of their 
being collected from, observation; for the impressions 
of sense include no evidence of necessity. But we can 
readily understend the necessary character of such 
truths, if we conceive that there are certain necesaaiy 
conditiona under which alone the mind receives *the 
impressions of Bense. Since these conditions reside in 
the constitution of the mind, and apply to every per- 
ception of an object to which the mind can attain, we 
eafflly see that their rules must include, not only all 
that has been, but all that can be, matter of experience. 
Our sensations can each convey no information except 
about itself; each can contain no trace of another 
additional sensation j and thus no relation and con- 
nexion between two sensations can be given by the 
Bonsationa themselves. But the mode in which the 
mind perceives these impressions as objects, may and 
will introduce necessary relations among them: and 
thus by conceiving the idea of space to be a condition 
of perception in the mind, we can conceive the existence 
of necessary truths, which apply to all perceived objects. 

4, If we consider the impressions of sense as the 
mere materials of our experience, such materials may 
be accumulated in any quantity and in any order. But 
if we suppose that this matter has a certain form given 
it, in the act of being accepted by the mind, we can 
underatand how it ia that theae materials are subject to 
inevitable rules; — how nothing can be perceived exempt 
from the relations which belong to such a form. And 
rinoe there ate auch truths applicable to our experience, 
and arising from the nature of apace, we may thus 
consider space as a f<ym\, which the materials given by 
experience necessarily assume in the iniud; as an ar- 
rangement derived from the perceiving mind, and not 
from the sensations alone. 

5. Thus this phrase, — that space is B.forTn belonging 
to our perceptive power, — may be employed to express 
that we cannot perceive objects as in apace, without an 
operation of the mind aa well as of the senses — without 
active as well aa paesive faculties. This phrase, however, 
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is not necessary to the exposition of ottr doctrines. 
Whether we call the conception of space a Condition of 
perception, a Form of perception, or an Idea^ or by any 
other term, it is something originaUy inherent in the 
mind perceiving, and not in the objects perceived. And 
it is because the apprehension of all objects is thus sub- 
jected to certain mental conditions, forms or ideas, that 
our knowledge involves certain inviolable relations and 
necessary truths. The principles of such truths, so far 
as they regard space, are derived from the idea of space, 
and we must endeavour to exhibit such principles in 
their general form. But before we do this, we may 
notice some of the conditions which belong, not to our 
Ideas in general, but to this Idea of Space in par- 
ticular. 



CHAPTER in. 

Of some Peculiabities of tue Idea op Space. 



J. QOME of the Ideas which we shall have to exa- 
kj mine involve conceptions of certnin relations of 
objectn, Its the idea of Cause ajiil of Likeness; aad may 
appear to be suggested by experience, enabling ns to 
abstract this general relation from particular cases. 
But it will be seen that Space is not sach a general 
conception of a relation. For we do not apeak of 
Spaces BM we speak of Causes and Likenesses, but of 
Space. And when we speak of spaces, we imderstand 
by the expression, parts of one and the same identical 
everywhere-extended Space. We conceive a universal 
Space ; which ia not made up of these partial spaces as 
its component parts, for it would remain if these were 
taken away; and these cannot be conceived without 
presupposing absolute space. Absolute Space is essen- 
tially one; and the coniplication which exists in it, and 
the conception of various spaces, depends merely upon 
boundaries. Space must, therefore, be, as we have 
said, not a general conception abstracted fi-om particu- 
lars, but a universal mode of representation, altogether 
independent of experience. 

2. Space is infinite. We represent it to ourselves 
as an infinitely great magnitude. Such an idea as that 
of Likeness or Cause, is, no doubt, found in an infinite 
number of particular cases, and so far includes these 
cases. But these ideas do not include an infinite num- 
ber of cases aa parts of an infinite whole. When we 
say that all bodies and partial spaces exist in infinite 
space, we use an expression which ia not applied in 
t^e same sense to any cases except those of Space and 
Time. 



96 PHILOSOPHY OF THE PUHE SCIENCES. 

3. What ia here said may appear to be a denial of 
the real existence of sjiace. It muat be observed, how- 
ever, that we do not deny, but distinctly assert, Hie 
exiBtence of space as a real and necesaary conditioa of 
all objects perceived; and that we not only allow that 
objects are seen external to us, but we found upon the 
fiict of their being so seen, our view of the nature of 
space. If, however, it be said that we deny the i-eality 
of space as an object or thing, this is true. Nor does it 
appear easy to nmintain that space exists as a thing, 
when it is considered that this thing is infinite in all 
its dimensions ; and, moreover, that it ia a thing, 
which, being nothing in itself, exists only that other 
things may exist in it. And those who maintain the 
real existence of space, must also maintain the real 
existence of time in the same sense. Now two infinite 
things, thus really existing, and yet existing only as 
other things exist in them, are notions so extravagant 
that we are driven to some other mode of explaining 
the state of the matter. 

4. Thus apace is not an object of which we perceive 
the properties, but a form of onr perception; not a 
thing which affects our senses, but an idea to which 
we conform the impressions of sensa And its pecu- 
liarities appear to depend upon this, that it is not only 
a form of sensation, but of intuition; that in reference 
to space, we not only perceive but contemplaie objects. 
We see objects in space, side by side, exterior to each 
other ; apace, and objects in so fiir as they occupy 
space, have porta exterior to othei- parts; and have the 
whole thus made up by the juxtaposition of parts. 
This mode of apprehension belongs only to the ideas of 
space and time. Space and Time are made up of parts, 
tnit Cause and Likeness are not apprehended as made 
up of parts. And the term intuUi^m (in its rigorous 
sense) is appKcahle only to that mode of contemplation 
in which we thiis look at objects aa made np of j)art3, 
and apprehend the relations of those parts at the same 
time and by the same act by which wo apprehend the 
objects themselves. 

5. As we have said, space linuted by boundaries 
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gives riao to various conceptionH which wc have often 
to consider. Thua limited, apace assumes form, or 
jigure; and the variety of eoneeptiona thus brought 
imder our notice is infinite. We have eveiy posaible 
form of line, straight line, and curve ; and of curves an 
endless number; — circles, parabolas, hyperbolas, spirals, 
helices. We have plane surfaces of various shapes, — 
parallelogramB, polygons, ellipses; and we have solid 
figures, — cubes, cones, cylinders, spheres, spheroids, 
and so on. All these have their various properties, 
depending on the relations of their boundaries; and 
the investigation of their properties forms the business 
of the science of Geometry. 

6. Space has three dimensions, or directions in 
which it may be measured; it cannot have more or 
fewer. The simplest measurement is that of a straight 
line, which has length alone. A surfece has both 
length and breadth : and solid space has length, 
breadth, and thickness or depth. The origin of such a 
difference of dimensions will be seen if we refiect that 
each portion of space has a boundary, and is extended 
both in, the direction in which its boundary extends, 
and also in a direction ^oni its boundajy; for other- 
wise it would not be a boundaiy. A point has no 
dimensions. A line has but one dimension,— the dis- 
tance fixim its' boundary, or its length. A plane, 
bounded by a straight line, has the dimension which 
belongs to this line, and also has another dimension 
arising from the distance of its parts irom this bound- 
ary line; and this may be called breadth. A solid, 
bounded by a plane, has the dimensions which this 
plane has; and has also a third diniension, which wo 
may call height or depth, as we consider the solid ex- 
tended above or below the plane; or thicknegs, if we 
omit all consideration of up and down. And no space 
can have any dimensions which are not resoluble into 
these three. 

We may now proceed to consider tho mode in which 
the idea of space is employed in the formation of 
Geometry. 

VOL. I. H 



CHAPTER IT. 



I. rriHE relatjona of space have beea appreheaded 
X. with peculiar diatinctueas and cleaiiiess iroia 
the very first unfolding of man's Bpeculative powers. 
This was a consequence of the circumstance wliicli we 
have just noticed, thut the simplest of these reliLtiona, 
and liose on which the others depend, are seen 1^ in- 
tuition. Hence, as soon as men were led to speculate 
concerning the relations of space, they assumed just 
principles, and obtained true results. It is said that 
the science of geometry had its origin in Egypt, before 
the dawn of the Greek philosophy ; but the knowledge 
of the early Egyptians (exclusive of their mythology) 
appeals to have been purely practical; and, probably, 
their geometry consisted only in some maxims of limd- 
meaeuring, which is what tLe term implies. The 
Greeks of the time of Plato, had, hofrever, not only 
possessed themselves of many of the most remarkable 
elementary theorems of the science; but had, in seve- 
ral instances, reached the boundary of the science in 
its elementary form; as when they proposed to them- 
selves the problems of doubling the cube and squaring 
the circle. 

But the deduction of theeo theorems by a systematic 
process, and the piimary exhibition of the simplest 
principles involved in the idea of space, which such a 
deduction roqiures, did not take place, so &r as we are 
aware, till a period somewhat later. The Elstnenis of 
Geometry of Euclid, in which this task was performed, 
are to this day the standard work oa the subject ; the 
author of this work taught mathematics with great 
applause at Alesandriu, in the reign of Ptolemy Lagus, 
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about 280 years before Chriat The principles which 
Euclid makes the baflia of his ^^em have been very 
little Hunplified since his time ; and all the esfiays and 
controversiea which bear iipou these principles, have 
had a reference to the form in which they are stated 
by hjm. 

3. Sefimiiona. — The firat piinciplea of Euclid'w 
geometiy are, es the first principles of any system of 
geometry must be, definitions and axioms respecting 
the varioua ideal conceptions which he introduces; as 
straight lines, parallel lines, angles, circles, and the 
like. But it IB to be observed that these definitions 
and axioms are very fitr from being wbitrary hypothe- 
ses and assumptions. They have their origin in the 
idea of space, and are merely modes of exhibiting that 
idea in snch a manner as to make it afford grounds of 
deductive reasoning. The axioms are necessary conse- 
quences of the conceptions respecting which they are 
asserted ; and the definitions are no less neccssoty 
limitations of conceptitma; not requisite in order to 
arrive at this or that consequence; but necessary in 
order that it may be possible to draw any consequences, 
and to establish any g«ieral truths. 

For esample, if we rest the end of one straight staff 
upon the middle of another straight staff, and move 
the first staff into various jwsitions, we, by so doiug, 
alter the angles which the first staff makes with the 
other to the right hand and to the loft. But if we 
place the staff in that special position in which these 
two angles are equal, each of them is a right angle, 
according to Euclid ; and this is the dejmitwn of a right 
angle, except that Euclid employs the abstract concep- 
tion of straight lines, instead of speaking, as we have 
done, of staves. But this selection of the case in which 
the two angles are equal is not a mere act of caprice ; 
as it might have been if he had selected a case in which 
these angles are imequal in any proportion. For the 
consequences which can be drawn concerning the oases 
of unequal angles, do not lead to general truths, with- 
out some reference to that pecuhar case in which the 
angles are equal: and thus it becomes necessary to 
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■n^e out aod define tliat special case, marking H by 
m BpeoMl phrase. And this definition not only giTes 
complete and distinct knovledge what s ri^t angle is, 
to 307 one who can form the cooceptioD of tut aa^e 
in geaenl; bnt also supplies a principle &t>m Tliich 
all the properties of right angles may be deduced. 

3. JariOTw.— With n^ard to other conceptions «la>>, 
as circles, sqnares, and the like, it is possible to iaj 
down definitions which are a sufficient basis for onr 
rea8oning, eo iar as sach figures are concerned. Ba^ 
besides these definitions, it has been found necessary to 
introduce certain axioms among the Amdamental pria- 
ciples of geometry. These are of the simplest <jiarao- 
to"; for instance, that two straight lines cannot cut 
each other in more than one poin^ and an asiom cod^ 
cerning parallel lines. Like the definitions, these axioms 
flow from the Idea of Space, and present that idea 
under Tarious aspects. They are different from the 
deOnitions; nor can the definitions be made to take 
the place of the axioms in the reasoning by which 
elementary geometrical properties are established. For 
example, the definition of parallel straight lines ia, 
that they are such as, however &r continued, can never 
meet; but, in order to reason concerning such lines, 
we must further adopt some axiom respecting them : 
for example, we may very conveniently take this axiom ; 
that two straight lines which cut one another are not 
both of them parallel to a third straight line'. The 
definition and the axiom are seen to be inseparably 
connected by our intuition of the properties of space; 
but the axiom cannot be proved from the definition, 
by any rigorous deductive demonstration. And if we 
were to take any other definition of two paroUel strtught 
linen, (as tlint they are both perpendicular to a third 
straight line,) we should still, at some point or other of 
our progress, fell in with the same difficulty of demon- 
stratively establishing their properties without some 
Luther assumption. 
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4. Thus the elementary properties of figures, which 
are the baais of our geometry, are necessary results of 
our Idea of Space ; and are connected with each other 
by the nature of that idea, and not merely by our 
hypotheses and constnictioua. Definitione and axioms 
must be combined, in order to express this idea so far 
as the purposes of demonstrative reasoning reqtdre. 
These vertMil enunciations of the results of the idea 
cannot be made to depend on each other by logical 
consequence ; but hare a mutual dependence of a more 
intimate kind, which words cannot fiiUy convey. It is 
not possible to resolve these truths into certain hypit- 
ikegea, of which all the rest shall be the necessary 
logical consequence. The necessity is not hypotheti- 
cal, but intuitive. The axioms require not to be 
granted, but to be seen. If any one were to assent to 
them without seeing them to be true, his assent would 
he of no avail for purposes of reasoning : for he would 
be ^30 unable ia see in what cases they might be 
applied. The clear possession of the Idea of Space ia 
the first requisite for all geometrical reasoning j and this 
cleamesa of idea may be tested by examining whether 
the axioms offer themselves to the mind as evident. 

g. The necessity of ideas added to sensations, in 
order to produce knowledge, has often been overlooked 
or denied in modem times. The ground of necessary 
truth which ideas supply being thus lost, it was con- 
ceived that there still remained a ground of necessity 
in definitions; — that we might have necessary truths, 
by asserting especially what the definition implicitly in- 
volved in general It was held, also, that this was the 
case in geometry : — that all the properties of a circle, 
for instance, were implicitly contained in the definition 
of a circle. That this alone is not the ground of the 
necessity of the truths which regard the circle, — that 
we cotJd not in this way unfold a definition into pro- 
portions, without possessing an intuition of the i-ela- 
tions to which the definition led,— has already been 
shown. But the insufficiency of the above account of 
the grounds of ueceasaiy geometrical truth appeared 
in another way also. It was found impossible to lay 
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down a ^stem of definiticpiia out of which alone the 
-whole of geometrical truth could be evolved. It was 
Ibimd that axioms could not be superseded. So defi- 
nition of a straight line could be given which rendered 



the a 



cerning straight lines snperfln< 



And 



t appeared that the source of geometrical trutiiH 
was not definition alone; and we find in this result 
a confirmation of the doctrine which we are here 
urging, that thia source of truth is to be tbund In the 
form or conditioDS of our perception; — in the idea 
which we unavoidably combine with the impressions of 
sense; — in the activity, and not in the pasaivitj of the 

6. Thia will appear fiirther when we come to con- 
sider the mode in which we exercise our observation 
upon the relations of apace. But we may, in the first 
pla«e, maJce a remark which tends to show the con- 
nexion between our conception of a straight line, and 
the axiom which is made the foundation of our reason- 
ings concerning apace. The axiom, ia this;— that two 
straight lines, which have both their ends joined, can- 
not have the intervening parts separated bo as to inclose 
a apaca The necessity of this axiom ia of exactly the 
same kind as the necessity of the definition of a right 
angle, of which we have already spoken. For as the 
line standing on another makes riglii angles when it 
makes the angles on the two aides of it equal ; so a line 
is a straight Ime when it makes the two portions of 
space, on the two sides of it, similar. And as there is 
only a single position of the line first mentioned, which 
can moke the angles equal, bo there is only a single 
form of a line which can moke the spaces near the 
line similar on one aide and on the other: and there- 
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fore there caimot be two straiglit lines, such as the 
axiom describes, which, between the same limits, give 
two different boundaries to space thua separated. And 
tbuB WB see a reason for the axiom. Perhaps this view 
may be further elucidated if we take a leaf of paper, 
double it, and crease the folded edge. We shall Uina 
obtain a straight line at the folded edge; and this line 
divides the surface of the paper, as it was originally 
spread out, into two similar spaces. And that these 
Bpacea are similar so far as the fold which separates 
i^em is concerned, appears from this; — that these two 
parts coincide when the paper is douljled. And thus a 
fold in a sheet of paper at the same time illuatratea the 
definition of a straight line according to the abore 
view, and confirms the axiom that two such lines can- 
not inclose a spaca 

If the separation of the two parts of space were 
made by any other than a straight line; i(i for in- 
stance, the paper were cut by a concave line ; then, on 
turning one of the parts over, it is easy to see that the 
edge of one part being concave one way, and the edge 
of the other part conoave the other way, these two 
lines would enclose a apace. And each of them would 
divide the whole apace into two portions which were 
not similar; for one portion would have a concave 
edge, and the other a convex edge. Between any two 
points, there might be innumerable lines drawn, some, 
convex one way, and some, convex the other way; but 
the straight line ia the line which is not convex either 
one way or the other; it is the single medium, standard 
from which the others may deviate in opposite directions. 

Such considerations as these show sufficiently that 
the singleness of the straight line which connects any 
two points is a result of our fundamental conceptions 
of space. But yet the above conceptions of the similar 
form of the two parts of space on the two aides of a 
line, and of the form of a lino which is intermediate 
among all other forma, are of so vague a nature, that 
they cannot fitly be made the basis of our elementary 
geometry; and they are &r more conveniently re- 
placed, as they have been in almost all treatises of 
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geometry, 
inclose a space. 

7. But we may remark that, i 
have Qonaidered space only under 1 
as B plane. The sheet of paper which 
order to illustrate the nature of a straight line, was 
Buppoaed to he perfectly pitwie or Jlat: for otherwise, 
by folding it, we might obtain a line not atraight. 
Xow this assumption of a plane appears to btke for 
granted that very conception of a straight line which 
the eheet waa employed to illustrate; for the definition 
of a plane given in the E3ementH of Geometry ia, that 
it is a surfece on which lie all straight lines drawn 
from, one point of the sur&ce to another. And thus 
the explanation above given of the nature of a straight 
line,— that it divides a plane space into similar por- 
tions on each side, — appears to be imperfect or nngatoiy. 

To this we reply, that the eiplanation must be ren- 
dered complete and valid hy deriving the conception of 
a plane from considerations of the same bind as those 
which we employed for a straight line. Any portion 
of solid spaee may be divided into two portions by 
surfaces passing through any given line or boundarieB. 
And these surfaces may be convex either on one side 
or on the other, and they admit of innumerable changes 
&om being convex on one side to being conves: on the 
other in any d^ree. So long as the surface is convex 
either way, the two portions of space which it sepa- 
rates are not similar, one having a convex and the 
other a concave boimdary. But there is a certain in- 
termediate position of the surface, in which position 
the two portions of apace which it divides have their 
boundaries exactly similar. In this position, the sur- 
&oe is neither convex nor concave, but plane. And 
thus a plane surface is determined by this condition — 
of its being that single surface which is the inter- 
mediate form among all convex and concave soriaeea 
by which solid spa<?e can be divided,— and of its sepa- 
rating such space into two portions, of which the boun- 
daries, though they are the same surface in two oppo- 
site positions, are exactly similar. 
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Thiia a plane is the aimplest and most symmetrical 
bouudaiy by whicli a solid can be divided; and a 
straight line is the simplest and mtist Bymmetrical 
boundary by which a plane can be separated. These 
conceptions are obtained by considering the boundaries 
of an interminable space, capable of imaginary di- 
vision in every direction. And as a limited space may 
be separated into two parts by a plane, and a plane 
again separated into two parts by a straight line, so a 
ifiie is divided into two portions by a point, which is 
the common boundary of the two portions ; the end of 
the one and the beginning of the other portion having 
itself no magnitude, form, or parts. 

8. The geometrical properties of planes and solids 
ttre deducible from the first principles of the Elements, 
without any new axioms ; the definition of a plane 
above quoted, — that all straight lines joining its points 
lie in the plane, — being a sufficient basis for all reason- 
ing upon these subjects. And thus, the views which 
we have presented of the nalmre of space being ver- 
bally expressed by means of certain definitions and 
asiomsi, become the groundwork of a long series of de- 
ductive reasoning, by which is established a very large 
and curious collection of truths, namely, the whole 
science of Elementary Plane and Solid Geometry, 

This science is one of indispensable use and constant 
reference, for every student of the laws of nature ; for 
the relations of space and number are the alp/idbet in 
which those laws are written. But besides the interest 
and importance of this kind which geometry possesses, 
it has a great and peculiar value for all who wish to 
understand the fovindations of human knowledge, and 
the methods by which it is acquired. For the student 
of geometry acquires, with a d^ree of insight and 
clearness which the unmathematical reader can but 
feebly imagine, a conviction that there are necessary 
traths, many of them of a very complex and striking 
character; and that a few of the most simple and self- 
evident truths which it is possible for the mind of nian 
to apprehend, may, by systematic deduction, lead to 
the most remote and unexpected results. 
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thesis a supposition, not only which we may make, tut 
may abstain from making, or may replace by a differ- 
ent supposition; whereas? the definitiona and hypotheaee 
of geometry ai-e necessarily such as they are, and can- 
not be altered or excluded The reviewer (p. 84) in- 
forms us that he understands Stewart, when he speaks 
of hypotheses and definitions being the foundation of 
geometry, to apeak of the hypothesis that real objects 
correspond to our geometrical definitions. ' If a ctya- 
teJ be an exact hexahedron, the geometrical properties 
of the hexahedron may be predicated of that crystal.' 
To this I reply, — that such hypotheses as this are the 
grounds of our applications of geometrical truths to 
real objects, but can in no way be said to be the foun- 
dation of the truths themselves; — that I do not think 
that the sense which the reriewer gives was Stewart's 
meaning; — but that if it was, this view of the use of 
mathematics does not at all affect the question which 
both he and I proposed to discuss, which was, the groimd 
of mathematical certainty. I may add, that whether 
a crystal be an exact hexahedron, is a matter of obser- 
vation and measurement, not of definition. I think 
the reader can have no difficulty in seeing how little 
my doctrine is affected by the connexion on which the 
reviewer thus insists. I have asserted that the propo- 
sition which affirms the square on the diagonal of a 
rectangle to be equal to the squares on two sides, does 
not rest upon arbitrary hypotheses; the objector an- 
swers, that the proposition that the square on the 
diagonal of this page is equal to the squares on the 
sides, depends upon the arbitrary hypothesis that the 
page is a rectangle. Even if this fact were a matter of 
arbitrary hypothesis, what could it have to do with the 
general geometrical proposition? How could a single 
feet, observed or hypothetical, affect a universal and 
necessary truth, which would be equally true if the 
feet were false 1 If there be nothing arbitrary or hypo- 
thetical in geometry till we come to such steps in its 
application, it is plain that the truths themselves 
are not hypothetical; wliich is the question for us to 
decide. 



2. The reviewer then (p. 85) conaidors the doctrine 
that asioma aa well as defiiiitioiiB are the foundationB 
of geometry ; and here he strangely narrows and coq- 
fiisea the djacuasicn hy nuiTtin g himself the advocate of 
Stewart, instead of ai^uing the question itself. I had 
asserted that some asioma are necessary aa the foimda- 
tions of mathematical reasoning, in addition to the 
definitions. If Stewart did not intend to discuss this 
question, I had no concern with what he had said 
about asioma. Bat I had every reason to believe that 
this was the question which Stewart did intend to dis- 
cuss. I conceive there is no doubt that he intended to 
give an opinion upon the grounds of mathematical 
reasoning in generaL For he begins his discussions 
(Slememts, vol. ii. p. 38) by contesting Eeid's opinion 
on this subject, which is stated generally; and he refera 
again to the same subject, asserting in general terms, 
that the first principles of mathematics are not axioms 
but definitions. I^ then, afterwards, he made his proof 
narrower than his assertion; — if having declared that 
no axioms are necessary, he afterwards limited himself 
to showing that seven out of twelve of Euclid's axioms 
are barren truisms, it was no concern of mine to con- 
test th'H asaertion, which left my thesis untouched. 
I had asserted that the proper geometrical axioms 
(that two straight lines cannot inclose a space, and the 
axiom about parallel lines) are indispensable in geome- 
try. What account the reviewer gives of these axioms 
we shall soon see ; but if Stewart aUowed them to be 
axioms necessary to geometrical reasoning, he ovei^ 
turned his own assertion as to the foundations of such 
reasoning; and if he said nothing decisive about these 
asdoms, which are the points on which the battle must 
turn, he left his assertion altogether unproved ; nor was 
it necessary for me to pursue the war into a barren 
and unimportant corner, when the metropolis was sur- 
rendered. The reviewer's exultation that I have not 
contested the first seven axioms is an amusing example 
of the self-complacent zeal of advocacy. 

3. But let us turn to the material point,^the proper 
geometrical axioms. What is the reviewer's account of 
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theee! Which aide of the altematiFe does he adopt! 
Do they depend upon the definitions, and is he pr^iared 
to show the dependence) Or are thej Buperfluous, and 
can he erect the structure of geometty without their 
aid? One of tlieae two courses, it would seem, he most 
toke. For we both begin by asserting the excellence of 
geometty as an example of demonstrated truth. It is 
precisely this attribute which gives an interest to our 
present inquiry. How, then, does the reviewer explain 
this excellence on his views 1 How does he reckon the 
foundation courses of the edifice which we agree in 
considering as a perfect example of intellectoal build- 
ing? 

I presume I may take, as his answer to this question, 
his hypothetical atotement of what Stewart would have 
said (p. 87), on the supposition that there had been, 
among the foundations of geometry, self-evident inde- 
monstrable truths : although it ia certainly strange that 
the reviewer should not venture to make up his mind 
BB to the truth or &lsehood of tliis supposition. If 
there were such truths they would be, he says, ' legiti- 
mate filiations' of the definitions. They would be in- 
volved in the definitions. And again he speaks of the 
foundation of the geometrical doctrine of parallels as 
a, fiaw, and as a truth which requires, but has not 
received demonstration. And yet again, he tells us 
iiiAt each of these supposed axioms (Euclid's twelfth, 
for instance) is 'merely an indication of the point at 
which geometry fiiila to perform that which it nnder- 
tokes to perform' (p. 91); and that in reality her truths 
are not yet demonstrated. Hie amount of this is, that 
the geometrical axioms are to be held to be legitimate 
JUiatiom of the definitions, because though certainly 
true, they cannot be proved fii^m the definitions ; that 
they are involved in the definitions, although they can- 
not be evolved out of them; and that rather than 
admit that they have any other origin than the defini- 
tions, we are to proclaim that geometry has failed to 
perform what she undertakes to perform. 

To this I reply — ^that I cannot understand what 
is meant by ' legitimate filiations ' of principles, if the 
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phrase do not menu consequences of such principles 
established, by rigorous and formal demonstrations; — 
that the reviewer, if he elaima any real signification 
for his phrase, must substantiate the meaning of it by 
such a demonstration; he must establish his 'legiti- 
mate filiation' by a genealogical table in a satisfaetory 
form. "Wben this cannot be done, to assert, notwith- 
standing, that the propositions are involved in the 
definitions, is a mere begging the question; and to 
excuse this defect by saying that geometry feils to per- 
form what she Laa promised, is to calumniat-e the 
character of that science which we profess to make our 
standard, rather than abandon an arbitrary and un- 
proved assertion respecting the real groimda of her 
excellence. I add, fiirther, that if the doctrine of 
parallel lines, or any other geometrical doctrine of 
which we see the truth, with the most perfect inaiglit 
of its necessity, have not hitherto received demonstra- 
tion to the satisfaction of any school of reasoners, tlie 
defect musrti arise from their erroneous views of the 
nature of demonstrations, and the grounds of mathe- 
matical certainty. 

4. I conceive, then, that the reviewer has fiiiled 
altogether to disprove the doctrine thai the axioms of 
geometry are nec^sary as a part of the foundations of 
the science. I Lad asserted further that these axioms 
supply what the definitions leave deficient; and that 
they, along with definitions, serve to present the idea 
of space under such aspects that we can reason logi- 
cally concerning it. To tiiis the reviewer opposes 
(p. 96) the common opinion that a pertect defiiiition 
is a complete explanation of a name, and that the test 
of ita peifection is, that we may substitute the defini- 
tion for the name wherever it occurs. I reply, that 
my doctrine, that a definition expresses a part, but 
not the whole, of the casential characters of an idea, is 
certainly at variance with an opinion sometimes main- 
tained, that a definition merely explains a word, and 
should explain it bo fully that it may always replace 
it. The error of this common opinion may, I think, 
be shown from confiiderations such as these; — ^that if 
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we undertake Ui explain one word In sevo&L, ve may 
be called upon, on the same ground, to explain eai^ of 
these several fay others, aod Uiat in this way we <xa 
reach no limit nor resting-place; — that in pcnnt of 
fict, it is not found to lead to deamess, bnt to obsca- 
ri^, when in ^e di^cnafflon of gaienl principles, we 
thus eahatitate definitions for single terms ; — that even 
if this be done, we cannot reason withoat conceiving 
what the terms mean; — and Uiat, in doing this, die 
relations of onr conceptions, and not the arbltrsiy 
equivalence of two forma of fflcpresaon, arc the fbnn- 
dations of our reasoning- 

g. The reviewer conceives that some of the so- 
called axioms are really deSnitions. The axiom, that 
■magnitudes which coincide with each other, that is, 
which fill the same space, are equal,' is a definition of 
geometrical equality: the axiom, that 'the whole is 
greater than ItA part,' is a definition of whole and part 
Bat surely there are Very serious objections to thia 
view. It would seem more natural to say. if the 
fimner axiom ia a definition of the word e^iial, that 
the tatter is a definition of the word greater. And 
how can one short phrase define two terms! If I say, 
' the heat of summer is greater than the heat of win- 
ter,' does this assertion define anything, though the 
proposition is perfectly intelligible and distinct) I 
think, thcD, that this attempt to reduce these axioms 
to definitions is quite imtenabla 

6. I have stated that a definition can be of no use, 
except we can conceive the possibility and truth of the 
property connected with it; and that if we do conceive 
this, wo may rightly begin our reasonings by stating 
the property as an axiom ; which Euclid does, in the 
case of straight lines and of parallels. The reviewer 
inquires (p. 9a), whether I am prepared to extend this 
doctrine to the case of circles, for which the reasoning 
is usually rested upon the definition ; — whether I would 
replace this definition by an axiom, asserting the pos- 
sibility of such a circle, To this I might reply, that it 
is not at all incumbent upon me to assent to such a 
change ; for I have all along stated that it is indi&rent 
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■whether the fundamental properties from which we 
reason be exhibited as definitions or aa axioms, pro- 
vided the necessity be clearly seen. But 1 am r^idy 
to declare that I think the form of our geonietry would 
be not at all the worse, i^ instead of the usual defini- 
tion of a circle, — 'that it is a figure contained by one 
line, which is called the cii-cumference, and which is 
such, that all Htraight lines drawn from a certain point 
within the circumference are equal to one another,' — 
we were to substitute an axiom and a deiinition, as 
follows : — 

Axiom. If a line be drawn so as to be at every 
point equally distant from a certein point, this line 
will return into itself, or will be OTie line including a, 
space. 

Definition. The space is called a eirde, the line the 
(nrGUTTiference, and the point the center. 

And this being done, it would be true, as the re- 
viewer remarks, that geometry cannot stir one step 
without resting on an axiom. And I do not at ajl 
hesitate to aay, that the above axiom, expressed or un- 
derstood, is no less necessary than the definition, and 
is taeitly assumed in every proposition into which 
circles enter. 

7. I hav6, I think, now disposed of the principal 
objections which bear upon the proper axioms of geo- 
metiy. The principles which are stated as the first 
seven axioma of Ejuclid's Elements, need, not, as I have 
said, be here discussed. They are principles which 
refer, not to Space in particular, but to Quantity in 
general ; such, for instance, as these; ' If equals be 
added to equals the wholes are equal;' — 'If equals 
be taken from equals the remainders are equal.' But 
I will make an observation or two upon them before I 
proceed. 

Both Locke and Stewart have spoken of these 
axjoms a.B barren tmiBma : as propositions from which 
it is not possible to deduce a single inference : and the 
reviewer asserts that they are not first principles, but 
laws of thought (p. 88). To this last espresaion I am 



willing to afisent; but I ■would add, that not only 
these, but all the principles which espnss the fimda- 
mental conditioiiB of our fcaowledge, may witii equal 
propriety be termed laws of thought; for these prin- 
ciples depend upon our ideas, and regulate the active 
Iterations of the mind, by which coherence and con- 
nexion are given to its pasaiTe impressions. But the 
anBertion that no conclusiona can be drawn from simple 
axioms, or laws of human thought, which regard quan- 
tity, is by no means true. The whole of arithmetic, — 
for jnatance, the nilea for the multiplication and divi- 
sion of Ifti^e nnrobera, the rule for finding a common 
measure, and, in short, a vast body of theory respecting 
numbers, — rests upon no other foundation than snch 
oxiomsashave been just noticed, thatifequaJs be added 
to equals the wholes will be equal And even when 
Locke's assertion, that fiom these azioma no truths 
can be deduced, is modified by Stewart and the re- 
viewer, and limited to geometrical truths, it is hardly 
tenable (although, in iact, it matters little to our argu- 
ment whether it is or no). For the greater part of the 
Seventh Book of Euclid's Elements, (on Commensur- 
able and Incommensurable Quantities,} and the Fifth 
Book, (on Proportion,) depend upon these axioms, with 
the addition only of the definition or axiom (for it may 
be stated either way) which expresses the idea of pro- 
portionality in numbers. So that the attempt to dis- 
prove the necessity and use of axaoms, as principles of 
reasoning, feils even when we take those instances 
which the opponents consider as the more manifestly 
fevourable to their doctrine. 

8. But perhaps the question may have already sug- 
gested itself to the reader's mind, of what use can it 
be formaUy to state such principles as these, (for ex- 
ample, that if equals be added to equals the wholes 
ore equal,) since, whether stated or no, they will be 
assumed in our reasoning 1 And how can such prin- 
ciples be said to be necessary, when our proof proceeds 
equally well without any reference to them? And the 
answer is, that it is precisely because these are the 
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common principJes of j-easoning, which we naturally 
employ without specially contemplating them, that 
they require to be separated from the other steps and 
formally stated, when we amalyae the demonstrationB 
which we hare obtained. In eveiy mental proceSB 
many principles are combined and abbreviated, and 
thus in some measure concealed and obscured. In 
analysing these processes, the combination must be 
resolved, and the abbreviation expanded, and thus the 
appearance is presented of a pedantic and superfluous 
formality. But that which ia superfluous for proof, is 
nceesaaiy for the analysis of proof. In order to ex- 
hibit the conditions of demonstration distinctly, they 
must be exhibited formally. In the same manner, in 
demonstration we do not usually express every step in 
the form of a syllogism, but we see the grounds of the 
conclusiveness of a demonstration, by reaolving it into 
syllogisms. Neither axioms nor syUogisms are neces- 
sary for conviction; but they are necessaiy to display 
the conditionfl under which conviction becomes inevit- 
abla The application of a single one of the axioma 
jnst spoken of is so minute a step in the proof, that it 
appears pedantic to give it a marked place; but the 
very essence of demonstration consists in this, that it 
ia compoaed of an indissoluble succession of auob minute 
steps. The admirable circumstance is, that by the ac- 
cumulation of such apparently imperceptible advances, 
we can in the end make ao vast and so sure a progress. 
The completeness of the analysis of our knowledge 
appears in the smallness of the elements into which it 
is thus resolved. The minuteness of any of these ele- 
ments of truth, of axioms for instance, does not pre- 
vent their being as essential as others which are more 
obvious. And any attempt to assume one kind of 
element only, when the course of our analysis brings 
before us two or more kinds, ia altogether nnphilo- 
BOphical. Axioms and definitions are the proximate 
constituent principles of our demonstrations ; and the 
intimate bond which connects together a definition and 
an axiom on the ssme subject is not truly expressed 
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by asserting the latter to be derived firom the former. 
This bond of connexion exists in the mind of the rea- 
soner, in his conception of that to which both defini- 
tion and axiom refer, and consequently in the general 
Fundamental Idea of which that conception is a modi- 
fication. 



CHAPTER VI. 

Of the Perception of Spacb. 



I. ACCORDING to the views above explained, cer- 
XTl. taiu of the impressioiis of our senses convey to 
US the perception of otjects as eKistiag in apace; inas- 
much as hy the constitution of our minds we cannot 
receive those impressions otherwiae than in a certain 
form, involving such ii manner of existence. But the 
queation deserves to he asked, Wliat are the impreBsions 
of sense by which we thus becoiae acquainted with 
space and its relations] And as wo have se«n that 
this idea of space implies an act of the mind as well as 
an impresaioii on the sense, what manifestations do we 
find of this activity of the mind, in our obaeivation of 
the external world 1 

It is evident that sight and touch are the senses by 
which the relations of space are perceived, principally 
or entirely. It does not appear that an odour, or a 
feeling of warmth or cold, would, independently of ex- 
perience, suggest to us the conception of a space sur- 
rounding us. But when we see objects, we see that 
they are extended and occupy space; when we (omijA 
them, we feel that they are in a space in which we 
also ar& We have before our eyes any object, for 
instance, a board covered with geometiiral diagrams ; 
and we distinctly perceive, by vision, those lines of 
which the relations are the subjects of our mathema- 
tieal reasoning. Again, we see before ua a solid ob- 
ject, a cubical box for instance; we see tliat it is within 
reach; we stretch out the hand and perceive by the 
touch that it has sides, edges, comers, which we had 
already perceived by vision. 
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2. Probably most persons do not generally appre- 
Iiend that there ia any material difference in these two 
cases; — that there are any different acts of ntind con- 
cerned in perceiving by sight a mathematical diagram 
upon paper, and a aolid cube lying on a table. Yet it 
ia not difficult to show that, in the latter case at least, 
the perceptian of the shape of the object is not imme- 
diate. A very little attention teaches us that there is 
an act of judgment as well as a mere impression of 
sense reqiusite, in order that we may see any solid 
object Fop there is no visible appearance which is 
inseparably connected with solidity. If a picture of a 
cube be rightly drawn in perspective and sktlftilly 
shaded, the impression upon the sense is the same as if 
it were a real cube. The picture may be mistaken for 
a solid object. But it is clear that, in this case, the 
solidity is given to the object by an act of mental 
judgment. All that ia seen is outline and shadi;^ 
figures and colours on a flat board. The solid angles 
and edges, the relation of the faces of the figure by 
which they form a cube, are matters of inference. 
This, which is evident in the case of the pictured cube, 
is true in all vision whatever. We see a scene before 
us on which are various figures and colours, but the 
eye cannot see more. It sees length and breadth, but 
no third dimension. In order to know that there are 
BoUds, we must infer as well as see. And this we do 
readily and constantly; so familiarly, indeed, that we 
do not perceive the operation. Yet we may detect 
this latent process in many ways; for instance, by 
Kttending to cases in which the habit of drawing such 
inferences misleads us. Most persons have experienced 
this delusion in looking at a scen<! in a theatre, and 
especiaUy that kind of scene which is called a diorama, 
when the interior of a building ia represented. In 
these cases, the perspective representatirais of the vari- 
ons members of the architecture and decoration impress 
ti8 almost irresistibly with the conviction that we have 
before us a apace of great estent and complex form, 
instead of a flat pointed canvass. Here, at least, the 
space is our own creation; but yet her^ it ia i 



festly created by the same act of tliought aa if we were 
really in the palace or the cathedral of which the halla 
and aisles thus seem to inclose us. Ajxd the act by 
which we thus create space of three dimeosious out of 
visible extent of length and breadth, is constantly and 
imperceptibly going on. We ai'e perpetually inter- 
preting in this manner the language of the visible 
world. From the appearances of things which we 
directly see, we are constantly inferring that which 
we cannot directly see, — their distance from ua, and 
the position of their piu-ts. 

3. The eharactera which we thus interpret are 
various. They are, for instance, the visible tbrms, 
colours, and shades of the parW, underatood according 
to the maxims of perepective; (for of perspective eveiy 
one has a practi:^ knowledge, as every one has of 
grammar;) the effort by which, we fix both our eyes on 
the same object, and adjust each eye to distinct vision ; 
and the like. The right interpretation of the infonna- 
tion which such circumstances give us respecting the 
true forma and distances of things, is gradually learned ; 
the lesson being begun in our earliest infancy, and 
inculcated upon us eveiy hour during which we use 
our eyes. The oompleteneBS with which the lesson is 
mastered is truly admirable j for we forget that our 
conclusion is obtained indirectly, and mistake a judg- 
ment on evidence for an intuitive perception. We see 
the breadth of the street, sa clearly and readily as we 
see the house on the other Bide of it; and we see the 
house to be square, however obliquely it be presented 
to us. This, however, by no means throws any doubt 
or diffi-Culty on the doctrine that in all these cases we 
do interpret and infer. The rapidity of the process, 
and the imconsciousnesa of the effort^ are not more 
remarkable in this case than they are when we undei^ 
stand the meaning of the speech which we hear, or of 
the book which we read. In these latter cases we 
merely hear noises or see black marks ; but we make, 
out of these elements, thought and feeling, without 
being aware of the act by which we do so. And by 
an exajrtly similar process we see a variously-coloured 



expanse, and collect from it a space occupied by solid 
objects. In both cases t& act of interpretation is be- 
come so habitual that we can hardly stop short at the 



4. But yet there are Tarioua -ways in which we 
Biay satisfy ouiselvea that theee two parts of the pro- 
cess of seeing objects are distinct. To separate these 
operations is precisely the task which the artist has to 
execate in making a drawing of what he sees. He has 
to recover the consciousaesa of his real and gennine 
sensationa, and to discern the lines of objects as they 
appear. This at first he finds difGcult; for he is 
tempted to draw what he knows of the forms of yisible 
object^ and not what he sees : but as he improves in 
his art, he leama to put on paper what he sees only, 
separated from what he infers, in order that thus the 
inference, and with it a conception lite that of the 
reality, may be left to the spectator. And thus the 
natural process of vision is the habit of seeing that - 
which cannot be seen ; and the difficulty of the art of 
drawing consists in learning not to see more than is 
visible. 

5. But again; even in the simplest drawing we 
exhibit something which we do not see. However 
slight is our representation of objects, it cootains some- 
thing which we create for ourselves. For we draw an 
outline. Kow an outline has no existence in nature. 
There are no visible lines presented to the eye by a 
group of figures. We separate each figure from the 
reat, and the boundary by which we do this is the out- 
line of the figure; and the like may be said of each 
member of every figure. A painter of our own times 
has made this remark in a work upon his art' ; 'The 
effect which natural objects produce upon our sense of 
vision is that of a number of parts, or distinct masses 
of form and colour, and not of lines. But when we 
endeavour to represent by painting the objects which 
are before us, or which invention B\ipplies to our minds, 
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tbe first aud tlie simplest meauB we resort to is this 
picture, liy which we separate the form of each object 
firnn those that aurroimd it, njarkiiig its boundary, the 
extreme estent of its dimensions in eveiy direction, as 
impressed on our vision : and this is termed drawing 
its outline.' 

6. Again, there are other ways in which we see 
clear manifestations of the aet of IJiought by which we 
assign to the parts of objects their relations in space, 
the impressions of sense being merely subservient to 
this act If we look at a medal through a glass which 
inTerta it, we see the figures upon it become concave 
depressions instead of projecting convejdtiea; for the 
light which illuiainatea the nearer aide of the con- 
vexity will be transferred to the opposite side by the 
apparent inversion of the medal, and will thus imply a 
hollow in which the side nearest the light gathers the 
shade. Here our decision as to which part is nearest 
to us, hail reference tu the side from which the light 
comes. In other cases the decision is more sponta- 
neouH. K we draw black outlines, such aa repreaent 
the edges of a cube seen in perspective, certain of the 
lines will cross each other; and we may make this 
cube appear to assume two different positions, by de- 
termining in our own mind that the lines which belong 
to one end of the cube shall be understood to be before 
or to be behind those which they cross. Here an act 
of tbe will, operating upon the same sensible image, 
gives us two cubes, occupying two entirely different 
positions. Again, many persons may have observed 
tliat when a windmill in motion at a distance irom us, 
(so that the outline of the sails only is seen,) stands 
obliquely to the eye, we may, by an effort of thought, 
make the obliquity assume one or the other of two 
positions; and as wo do this, the sails, which in one 
instance appear to turn from right to left, in the other 
case turn from left to right A person a littie familiar 
with this mental effort, can invert the motion as often 
ns he pleases, so long as the conditions of form and 
light do not offer a manifest contradiction to either 
position, 




:iiosoPHy OF the pcbe sciexcks. 

Thiis we have theiie abundant and varkms manifes- 
tetions of the octivitr of the mind, in die process by 
which we collect from rifdoD the rations of solid 
space of three dimeiiBion& But we must farther make 
BiMne remarks on the process hv which we perceive 
mere visible figure ; and also, on the mode in which we 
perceive the relations of space by the touch ; and first, 
of the latter subject 

7. The opinion above illustrated, that our dght 
does not ^ve us a direct knowledge of the relations of 
solid space, and that this knowledge is acquired only 
by an inference of the mind, was first clearly taught 
\^ the celebrated Bishop Berkeley*, and is a doctrine 
now generally absented to by metaphysical specnlators. 

But does the sense of touch give us directly a know- 
ledge of spaceT This is a question which has attracted 
considerable notice ia recent times; and new light haa 
been thrown upon it in a degree which is very remark- 
able, when we consider that the philosophy of percep- 
tion has been a prominent subject of inquiry &om the 
earliest times. Two philosophers, advancing to this 
inquiry from differeait sidetD, the one a metaphysician, 
the other a physiologist, have independently arrived at 
the conviction that the long curreDt opinion, according 
to which we acquire a knowledge of apace by the sense 
of touch, is erroneous. And the doctrine which they 
teach instead of the ancient errour, haa a veiy impor- 
tant bearing upon the principle which we are en- 
deavouring to establish, — that our knowledge of space 
and ite properties is derived rather from the active 
operations than from the passive impreaaions of the 
percipient mind. 

Undoubtedly the perauasion that we acquire a know- 
ledge of form by the touch ia very obviously suggested 
by our common habits. If we wish to know the form 
of any body in the dark, or to correct the impressions 
conveyed by sight, when we suspect them to be false, 
we have only, it seems to us, at least at first, to stretch 
forth the hand and touch the object; and we learn its 
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shape with no ctance of eiTour. In these cases, form 
appears to be as immediate a perception of the sense of 
touch, as eoloiir is of the sense of sight. 

8. But ia this pterception really the result of the 
passiTe sense of touch merelyl Against such an opi- 
nion Dr. Brown, the metaphysician of whom I speak, 
urges" that the feeling of touch alone, when any oh- 
jeet 13 applied to the hand, or any other part of the 
body, can no more convey the conception of form or 
extension, than the sensation of an odour or a taste 
can do, except wo have already some knowledge of the 
relative position of the parts of our bodies; that is, 
escept we are already in possession of an idea of space, 
and have, in our minds, referred our limbs to their 
pc»itions; which ia to suppose the conception of form 
already acquired. 

9, By what iaculty then do we originally acquire 
our conceptions of the relations of position 1 Brown 
answers by the wmwcw/ot sense; that ia, by the con- 
Bcioufl eaertions of the various muscles by whiah we 
move our limbs. When we feel out the form and po- 
sition of bodies by the hand, our knowledge is acquired, 
not by the mere touch of the body, but by perceiving 
the course the fingers must take in order to follow the 
surface of the body, or to pass from one body to an- 
other. We are conscious of the slightest of the voUtions 
by which we thus feel out form and place; we know 
whether we move the finger to the right or left, up or 
down, to u3 or from us, through a large or a small 
space; and all these conscious acts are bound together 
and regulated in aw minds by an idea of an extended 
space in which they are performed. That this idea of 
space is not borrowed from the sight, and transferred 
to the muscular feelings by habit, is evident. For a 
mail bom blind can feel out his way with his staff, and 
Las hia conceptions of position determined by the con- 
ditions of space, no less than one who has the use of 
his c^es. And the muscular consciousness which re- 
veals to ua the position of objects and parts of objects, 
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when we feel tbem out hj means of the hand, shown 
itedf ia a thousand other wajst, and in dl our limba : 
far our habita of standing, walking, and all other atti- 
tudes and motions, are regulated by our feeling of our 
position and that of surrounding objects. And thus, 
we cannot touch any object without learning something 
respecting its position; not that the sense of touch 
directly conveys such knowledge ; but we have already 
leamt, fi-om the muscular sense, constantly exercised, 
the position of the limb which the object thus touches. 

10. The justice of this distinction will, I think, be 
assented to by all persons who attend steadily to the 
process itael^ and might be maintained by many for- 
cible reasons. Perhaps one of the moat striking evi- 
dencea in its fevour is that, as I have already intimated, 
it is the opinion to which another distinguished phi- 
losopher. Sir Oharles Bell, has been led, reasoning 
entirely upon physiological principles. From his re- 
searcbea it reaultiri that besides the nerves which con- 
vey the impulse of the will from the brain to the 
muscle, by which every m.otion of our limbs is pro- 
duced, there is another set of nerves which carry back 
to the brain a sense of the condition of the muscle, 
and thus regulate its activity; and give us the con- 
sciousness of our position and relation to surrounding 
objects. The motion of the hand and fingers, or the 
consciousneas of tbi" motion, must be combined with 
the sense of touch properly so called, in order to make 
an inlet to the knowledge of such relations. This con- 
sciousness of muscular exertion, which he baa called a 
sixth sense', is our guide. Sir C Bell shows, in the 
common practical government of our motions; and he 
statfiS that having given this explanation of perception 
as k physiological doctrine, he had afterwards with 
satisfaction seen it confirmed by Dr. Brown's speeu- 
lationa. 

11. Thus it appears that our consciousness of the 
relations of space is inseparably and fundamentally 
connected with our own actions in space. We perceive 
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only while we act; our senaationa require to be inter- 
preted by our volitiona. The apprehensioQ of exten- 
sion and figure is fiir from being a proceas in which we 
are inert and pasaiva We draw lines with our fingers; 
we construct surfaces by curving our hands ; we gene^ 
rate spaces by the motion of our arms. When the 
geometer bids us form lines, or surfaces, or solids by 
motion, he intends bis injunction to be taken as hypo- 
thetical only; we need only conceive such motions. 
But yet this hypotheaia represents truly the origin of 
our knowledge; we perceive spaces by motion at first, 
aa we conceive apacea by motion afberwards : — or if 
not always by actual motion, at least by potential. If 
we perceive the length of a staff by holding its two 
ends in our two hands without running the finger 
along it, this is Iweause by habitual motion we have 
aJready acquired a mea^ui'e of the distance of our 
bands in any attitude of which we are conscious. 
Even in the simplest case, our perceptions are derived 
not from the touch, but from the sixth sense; and this 
sixth sense at leaat, whatever may be the case with, the 
other five, implies an active mind along with the pas- 

13. Upon attentive consideration, it will be clear 
that a large portion of the perceptions respecting space 
which appear at first to be obtained by sight alone, 
are, in &ct, acquired by means of this sixth sense. 
Thus we consider the visible slcy as a single surface 
surrounding us and returning into itself, and thus 
forming a hemisphere. But such a mode of conceiving 
an object of vision could never have occurred to us, if 
we had not been able to turn our heads, to follow this 
sur&ce, to pursue it till we find it returning into itself. 
;And when we have done this, we necessarily present 
it to ourselves as a concave inoloaure within which we 
are. The sense of sight alone, without the power of 
muscular motion, could not have led us to view the 
sky as a vault or hemisphere. Under such circum- 
stances, we should have perceived only what was "pre- 
sented to the eye in. one position ; and if different ap- 
pearances had been presented in succession, we could 
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not have connected them ss parts of the same picture, 
for want of any perception of their relative position. 
They would have been so many detached and i 
herent Tiaual sensations. The musealar sense connects 
tieir parts into a whole, making them to be only dif- 
ferent portions of one uniTersal scene'. 

1 3. These considerations point out the &l]acy of a 
very curious representation made by Dr. Raid, of the 
convictions to which man would be led, if he possessed 
■rision without the sense of touch. To illustrate this 
subject, Edd uses the fiction of a nation whom he 
terins the Idomeniane, who have no sense except th&t 
of sight. He describes their notions of the relations 
of space as being entirely different from. ours. The 
ttsioms of their geometry are quite contradictoiy to 
our axioms. For example, it is held to be self-evident 
among them that two straight lines which intersect 
each other once, must intersect & second time; that the 
three angles of any triangle are jreafc)- than two right 
angles ; and the like. These paradoxes are obtained 
by tracing the relations of lines on the surfece of a 
concave sjihere, which surronnds the spectator, and oa 
which all visible appearances may be supposed to be 
presented to him. But from what is said above it ap- 
pears that the notion of such a sphere, aoA such a 
f visible objects which are seen in different 
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directioiis, canuot bo arrived at by sight alone. Whai 
tbe spectator combines in Lia concejjtion the relatians 
of long-drawn linen and large figures, as he sees them 
by turning his head to the right and to the left, up- 
wards and downwards, he ceasoa to he an Idomeniau. 
And thus our conc«5>tdon8 of the properties of space, 
derived through the exercise of one mode of percep- 
tion, are not at rarianoe with those obtained in another 
■way; but aJl such conceptions, however produced or 
suggested, are in haimony with each other ; being, as 
has already been said, only different aspects of the some 

14, If our perceptions of the position of objects 
around us do not depend on the sense of vision alone, 
but on the muscnlar feeling brought into play when we 
turn our head, it will obviously follow that the same ia 
true when we turn the eye instead of the head. And 
thus we may lesm the form of objects, not by looking 
at them with a fixed gaae, but by following the boun- 
dary of them with the ey& While the head ia held 
perfectly stiL, the eye can rove along the outlines of 
visible objects, scrutinize each point in succession, and 
leap from one point to another; each such act being 
accompanied by a muscular consciousness which makes 
US aware of the direction in which the look is travelling. 
And we may thus gather information couceming the 
figures and places which wo trace out with the visual 
ray, as the blind man learns the forms of things which 
he traces out with his etas', being conscious of the 
motioQB of his hand. 

15. This view of the mode in which the eye per- 
ceives position, which is thus supported by the analogy 
of other members employed tor the same purpose, ia 
fiuliher confirmed by Sir Chwiea Bell by physiological 
reasons. He teaches us that' when an object is seen 
we employ two senses ; there is an impression on the 
retina ; but we receive also the idea of position or rela- 
tion in space, which it is not the office of the retina to 
give, by our consciousueaa of the etforte of the voluntary 
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muBclea of the eye : and he hjis traced in detail the 
course of the nerves by which these muscles conyey 
their information. The constant asarching motion of 
the eye, as he terma it', is the means by which we be- 
come aware of the position of objects about na. 

1 6. It is not to our present purpose to follow the 
physiology of this subjectj but we may notice that Sir 
G. Bell has examined the Bpecial circumstances which 
belong to this operation of the eye. We learn from him 
that the particular point of the eye which thus traces 
the forms of visible objects is a pMi of the retina 
which has been termed the sensiile spot; being that 
part which is itvist distincdy sensible to the impressions 
of light and colour. This part^ indeed, ia not a spot of 
definite size and farm, for it appears that proceeding 
from a certain point of the retina, the distinct sensi- 
bility diminishes on every aide by degrees. And the 
searching motion of the eye arises from the desire 
which we instinctively feel of receiving upon the sensible 
spot the image of the object to which ^e attention is 
directed. We are uneasy and impatient till the eye 
is turned so that this is effected. And aa our attention 
is transferred from point to point of the scene before 
■OR, the eye, and this point of the eye in particular, 
travel along with the thoughts ; and the muscular sense, 
which tella us of these movements of the organ of 
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vision, convoyB to us a knowledge of the foitna and 
places which we thus Bucceaaively amTey. 

17. How much of activity there is in the process 
by which we perceive the outlines of objects appears 
forther fi^m the language by which we describe their 
fonna. We apply to them not merely adjectives of 
form, but verbs of motion. An abmpt MU starts out 
of the plain; a beautifol figure has a gliding outline. 
We have 

The windy summit, wild and high, 
BaDgbly mthiiig on the sky. 
These terms express the course of the eye as it follows 
the lines hy whieh such formn are bounded and marked. 
In like manner another modem poet' says of Soracte, 
that it 

From out the jilain 
Heaves like a long-awept wave about to break. 
And ou the curl hangi faming. 

Thus the muscular sense, which is inseparably con- 
nected with an act originating in our own mind, not 
only gives us all that portion of our perceptions of 
apace in which we use the sense of touch, but also, at 
least in a great measure, another large portion of such 
perceptions, in which we employ the sense of sight 
Ah we have before seen that our hnmdedge of solid 
space and its properties is not conceivable in any other 
way than as the result of a mental act, governed by 
conditions depending on its own nature; so it now 
appears that our pereeptiont of visible figure are not 
obtsined without an act performed under the same 
conditions. The sensations of touch and sight are sub- 
ordinated to an idea which is the basis of our specula- 
tive knowledge concerning space and its relations ; and 
this same idea is disclosed to our consciousness by its 
practically r^ulating our intercourse with the external 
world. 

By considerationH such a& have been adduced and 
referred to, it is proved beyond doubt, that in a great 
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number of cases our knowledge of form and position is 
acquired from the mnscular sense, and not from sight 
dii^ctly : — ^for instance, in all cases in which we have 
before ns objects so large and prospects so extensive 
that we cannot see the whole of them in one position 
of the eye'. 

We now qnit the consideration of the properties of 
Space, and consider the Idea of Time. 
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RESPECTING the Iilea of Time, we may mate 
several of the same remarks which we made 
concerning the idea of apace, in order to show that it 
is not borrowed fixim experience, but ia a bond of con- 
nexion ajuong the impressions ol' sense, derived from a 
peculiar activity of lie mind, and forming a foimda^ 
tion both of our experience and of om' speculative 
knowledge. 

Time is not a notion obtained by experience. Ex- 
perience, that is, the irapressiona of sense and our con- 
sciousness of our thoughts, gives us vaaious percep- 
tions; and different successive perceptions considered 
togetber exemplify the notion of change. But this 
very connexion of different perceptions, — this succea- 
siveness,— presupposes that the peroeptioua exist in 
Hvie. That things happen either together, or one aAer 
the other, is intelligible only by aaaimiing time as the 
condition under which they are presented to us. 

Thus time is a necessary condition in the presenter 
tion of aU. occurrences to our minds. We cannot con- 
ceive this condition to be t^en. away. We can con- 
ceive time to go on while nothing happens in it; but 
we cannot conceive anything to happen while time 
does not go on. 

It is clear £rom this tliat time is not an impression 
derived from experience, in the same manner in which, 
we derive fi^m experience our information concerning 
the objects which exist, and the occurrences whioli 
take place in time. The objects of experience can 
easily be conceived to be, or not to be ; — to be absent 
as well as present Time always is, and always ia 
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present, and even in our thon^te ve c&nnot form the 
contraiT Boppoation. 

2. Thus tame is iometliiiig distinct from the matter 
or substance of our experience, and may be considered 
as a necessary Jbrm wMcIi that matter {the experience 
of change) must assnmc^ in order to be an object of 
contemplation to the mind. Time is one of the necee- 
Biry conditions under which we apprehend the inibr- 
matioa which oar senses and conadousne^ give as. 
By considering time as a form whicli belongs to our 
power of apprehending occurrences and change^ and 
nnder which alone all such experience can be aircepted 
by the mind, we explain the necessity, which we find 
to exist, of conceiving all ench changes as happening 
in time ; and we thus see that time is not a properly 
perceived as existing in objects, or as conveyed to us 
by our senses; but a condition impressed upon onr 
liowledge by the constitution of the mind itself; in- 
volving an act of thought as well as an impression of 

3. We showed that space is an idea of the mind, 
or form of our perceiving power, independent of ex- 
perience, by pointing out that we possess necessary 
and universal truths concerning the relations of spact^ 
which could never be given by means of experience; 
but of which the necessity is readily conceivable, if we 
suppose them to have for their basis the constitution 
of the mind. There exist also respecting number, 
many truths absolutely necessary, entirely independent 
of experience and anterior to it; and so &r as the con- 
ception of number depends upon the idea of time, the 
same argument might be used to show that the idea of 
time is not derived ieom. experience, but is a result of 
the native activity of the mind ; but we shall defer all 
views of this kind till we come to the consideration of 
Number. 

4. Some persons Lave supposed that we obtain the 
notion of time from the perception of motion. But it 
is clear that the perception of motion, that is, change 
of place, presupposes the conception of time, and is not 
capable of being presented to the mind in any other 
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way. If we contemplate the same body as being in 
different places at different times, and connect these 
observations, we have the conception of motion, which 
thus presupposes the necessary conditions that exist- 
ence in time implies. And thus we see that it is pos- 
sible there should be necessary truths concerning all 
Motion, and cons^uently, concerning those motions 
which are the objects of experience; but that the 
source of this necessity is the Ideas of Time and Space, 
which, being universal conditions of knowledge re- 
siding in the mind, afford a foundation for necessary 
truths. 



CHAPTER Vni. 

Of some PECCLIARITlEa OF THE IdEA OP TlME. 



r. mHE Idea of Time, lite the Idea of Space, offers 
X to our notice some characters which do not be- 
long to our fundamental ideas generally, but which are 
deserving of remark. These characters ai-e, in some 
reapectB, closely similar with regard to Time and to 
Space, while, in other respects, the pecnliaritiea of 
these two ideas are widely different We shall point 
out some of these characters. 

Time is not a general abstract notion collected from 
experience; as, for example, a certain general concep- 
tion of the relations of things. For we do not consider 
particular tiTnea &a examples of Time in general, (as we 
consider partioular cauaea to bo examples of Cause,) 
bnt we conceive all particular times to be parts of a 
single and endless Time. This continually-flowing and 
endless time is what offers itself to us when we con- 
template any series of occurrences. All actual and 
possible times exist as Failia, in this original and gene- 
ral Time. And since all particiilar times are con- 
sidered as derivable from time in general, it is manifest 
that the notion of time in general cannot be derived 
from the notions of particular times. The notion of 
time in general is therefore not a generaJ, conception 
gathered from experience. 

2. Time is infinite. Since all actual and possible 
times exist in the general course of time, this general 
time must be infinite. All limitation merely divides, 
and does not terminate, the extent of absolute time. 
Time haa no beginning and no end ; but the beg innin g 
and the end of every other existence takes place in it 

3. Time, like apace, is not only a form of per- 
ception, but of intuUiiyii,. We contemplate events as 
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tefemg place in time. We consider its pailB as added 
to one another, and events as filling a larger or siualler 
extent of such parts. The time which any event takes 
up is the Bum of all such parts, and the relation of the 
same to time is fully imderstood when we can clearly 
see what portions of time it occupies, and what it does 
not. ThuB the relation of known occurrences to time 
is perceived hy intuition; and time is a form of in- 
tuition of the external world. 

4. Time is conceived as a quantity of one dim.en- 
sion; it has great analogy with a line, but none at all 
with a snrface or solid Time may be considered as 
consisting of a series of instants, which are before and 
after one another; and they have no other relation 
than this, of be/ore and ajier. Just the same would be 
the case with a series of points taken along a line; 
each would be after those on one side of it, and before 
those on another. Indeed the analogy between time, 
and space of one dimension, is so close, that the same 
terms are applied to both ideas, and we hardly know 
to which they originally belong. Times and Unea are 
alike called long and short; we speak of the beginrwng 
and end of a line ; of a point of tune, and of the liTnita 
of a portion of duration. 

5. But, as has been said, there is nothing in time 
which corresponds to more than one dimension in 
apace, and hence nothing which haa any obvious ana- 
logy with figure. Time reaemblea a liiie indefinitely 
extended both ways ; a]l partial times are portions of 
this line ; and no mode of conceiving time suggests to 
us a line making any angle with the original line, or 
any other combination which might give rise to figures 
of any kind. The analogy between time and space, 
which in many circumstances is so clear, here disap- 
pears altogether. Spaces of two Mid of three dimen- 
sions, planes and solids, have nothing to which we can 
compare them in the conceptions arising out of time. 

6. As figure is a conception, solely appropriate to 
space, there is also a conception which peculiarly be- 
longs to time, namely, the conception of recurrence of 
times similarly marked; or, as it may be termed, 
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rh,v(hin is most conuDonlj as«<l to designate the ri 
reuc« i>f tinier markeii hy the syllables of a yeise, or 
Uie noteu of a melody : but it is easy to see that the 
Keuerftl cunception of each a recurrence does not de- 
p^d on the mode in vhicb it is impressed upon the 
Mose. The forma of sncfa recurrence are innnmentllde. 
Thua in such a line as 

QulUrupedt^te pntr^m sooitii qustit ijn^ula cjaapnm, 
we have alternately one long or forcible syllable, and 
Iwu uhort or light ones, recurring over and over. In 
like manner in our own language, in the tine 

At the clSee of the d&j when the helmlet ib still, 

<KV have two light and one strong syllable repeated 

four times over. Such repetition is the essence of *er- 

aifioation. The same kind of rhythm is one of the 

ataia elements of mnsic, with this difference only, that 

in miiaio the forcible syUables are made so for the pmv 

|»0Bes of rhythm by their length only or princip^y; for 

example, if either of the above tinea were imitated by 

a mtJody in the most simple and obyious manner, each 

strong syllable woidd occupy exactly twice as much 

time as two of the weaker ones. Something very 

analogons to sach rhythm may be traced in other parte 

of [wetry and art, which we need not here dwell upon. 

But in reference to our present subject, we may remark 

that by the introduction of sach rhythm, the flow of 

' time, which appears otherwise so perfectly simple and 

l.JlomogeneouB, admits of an infinite number of varied 

(t r^ular modes of progress. All the kinds of verai- 

lation which occur in all languages, and the still 

B varied forms of recurrence of notes of different 

I lensths, which are heard in all the varied strains of 

B only examples of sach modifications, or 

IS as we may call them, of tima They in- 

i portions of time, as figures 

s portions of space. But yet 

bm and figiu'e is by no means 

we have relations of quantity 

Krilone in the parts of time, whereas in figure we have 
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relations not only of quantity, but of & kind altogether 
different, — namely, of position. On the other hand, a 
repetition of mmilar elements, 'which does not oecesaa^ 
rily occur in figures, ia quite essentia! in order to im- 
press upon us that measured progress of time of which 
we here speak. And thus the ideas of time and space 
have each its peculiar and exclusive relations; postion 
and figure belonging only to space, while repetition 
and rhythm are appropriate to tune. 

7. One of the aim.ple3t forms of recurvenco is alter- 
natwn, as when we have alternate strong and slight 
syllables. For instance,—- 

AwJke, arise, or h6 for fior fllll'D. 

Or without any subordination, as when we recton num- 
bers, and call them ia succession, odd, even,, odd, even. 

8. But the simplest of all forms of recurrence is 
that "which has no variety ; — in which a series of units, 
each considered as exactly similar to the rest^ succeed 
each other ; as OTte, one, one, and so on. In, this case, 
however, we are led to consider each unit with refer- 
ence to all that hare preceded ; and thus the series one, 
one, one, and so forth, becomes one, tiro, three, fiywr, 
five, and bo on ; a series with which all are familiar, and 

which may be continued without limit. 

We thus collect from that repetition of which time 
admits, the conception of Nvimber. 

9. The relations of position and figure are the sub- 
ject of the science of geometry ; and are, as we have 
already said, traced into a very remarkable and exten- 
sive body of tniths, which rests for its foundations on 
axioms involved in the Idea of Space. There is, in. 
like manner, a science of great complexity and extent, 
which has its fouDdation in the Idea of Time. But 
this science, as it is usually pursued, applies only to the 
conception of Number, which is, as we have said, the 
simplest result of repetition. This science is Theoreti- 
cal Ariilwnetic, or the speculative doctrine of the pro- 
perties and relations of numbers; and we must say a 
few words concerning the principles which it is requi- 
site to assume as the basis of this science. 



CHAPTER IX. 

Of the Axioms which relate to Number. 



I, fTTHE foundations of onr specnlative knowledge of 
X the relations and piwperties of Number, as well 
aa of Space, are contained in tlie mode in which, w^e 
represent to ouraelves the m^nitudea which are the 
snbjecta of onr reasonings. To express these foundations 
in axioms in the case of number, is a matter requiring 
aome consideration, for the same reason aa in the caae 
of geometry; that is, because these axioms are princi- 
plea which we assume as true, without being aware 
that we have made any assumption; and we cannot, 
without careful scrutiny,' determine when we have 
stated, in the form of axioms, all that is necessaiy 
for the formation of the science, and no more than ia 
neceHsary. We will, however, attempt to detect the 
principles which really must form the basis of theo- 
retical arithmetic. 

a. Why is it that three and two are equal to four 
and one) Because if we look at five things of any 
kind, we see that it is so. The five are four and one; 
they are aJso three and two. The truth of our asser- 
tion is involved in our being able to conceive the 
number five at all. We perceive this truth by inftii- 
titm, for we cannot see, or imagine we see, five things, 
■without perceiving also that the assertion above stated 

But how do we state in words this fundamental 
' principle of the doctrine of numbersj Let us consider 
a very simple casa If we wish to show that seven 
and two are equal to four and five, we say that seven 
are four and three, ther^ore seven and two are four 
and three and two; and because three and two are 
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five, this ia four and five. Mathematical reaaoaers 
justify the first inference (marked by the conjunctive 
word therefore), by saying that "When equak are 
added to equals the wholes are equal," and that thus, 
since seven ia equal to three and four, if we add two to 
both, seven and two are equal to tour and three and twra. 

3, Such axioms aa this, that when equals are added 
to equals the wholes are equal, are, in fact, expressions 
of the general condition of intuition, by which a whole 
is contemplated aa made up of parts, and aa identical 
with the aggregate of the parts. And a yet more 
general form in which we might more adequately ex- 
press this condition of intuition would be this; that 
' Two magnitudes are equal when they can be divided 
into parts which are equal, each to eacL' Thus in 
the above example, seven and two are equal to four 
and iivB, because each of the two sums can be divided 
into the parta, four, three, and two. 

4. In ail these cases, a person who had never seen 
Buch axioms enunciated in a verbal form would employ 
the same reasoning as a practised mathematician, in 
order to satisfy himself that the proposition was (me. 
The steps of the reasoning, being seen to be true by 
intuition, would carry an entire conviction, whether 
or not the argument were made verbally complete. 
Hence the axioms may appear superfluous, and on 
this account such axioms have often been spoken con- 
temptuously o^ aa empty and barren assertions. In 
lact, however, although they cannot supply the defi- 
ciency of the clear intuition of number and space in 
the reasouer himself, and although when he possesses 
such a &culty, he will i-eaaon rightly if he have never 
heard of such axioms, they atil! have their place pro- 
perly at the beginning of our treatises on the science 
of quantity; since they express, aa simply as words 
can express, those conditions of the intuition of magni- 
tudes on which all reasoning concerning quantity must 
be based; and are necessary when we want, not only 
to see the truth of the elementary reasonings on these 
subjects, but to put such reasonings in a formal aud 
logical shapa 
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5, We have considered the above-nientioned asioma 
SB the basis of all Hjithmetical operations of the nature 
of addkioTt. But it is ea^y seen that the same prin- 
ciple m&Y be carried into otiier cases; as for instance, 
itmltiplioution, which is merely a repeated addition, 
and admits of the same kind of evidence, Thua five 
times three are equal to three times five; why is thisil 
If we arrange fifteen things in five rows of three, it is 
seen by looking, or by imaginary looking, which ia 
intuition, that they may also be taken as three rows of 
five. And thus the principle that those wholes are 
eqTial which can be resolved into the same partial 
tnagnitudes, is irajuediately applicable in this as in the 

6. We may proceed to higher numbers, and may 
find ourselves obliged to use artificial nomenclature 
and notation in order to represent and reckon them; 

And the usual artifice by wliich our i-easoning in suclt 
instances is assisted is, that the number which is the 
root of our scale of notation (which is fen. in our usobJ 
BjHtem), is alternately separated into parts and treated 
as a single thing. Thus 47 and 35 are 82; for 47 is 
four tens and seven; 35 is three tens and five; whence 
47 and 35 are seven tens and twelve; that is, 7 tens, 
I ten, aud 2; which is 8 tens and 2, or 82. The like 
reasoning is applicable in other cases. And since the 
moat remote and complex properties of numbers are 
obtained by a prolongation of a course of reaaoniug 
exactly similar to that by which we thus establish the 
most elementary propositions, we have, in the prin- 
ciples just noticed, the foundation of the whole of 
Theoretical Arithmetic. 



CHAPTER X. 

Of the Perception of Time and Numbeh. 



I. /^TJB, perception of the passage of time involves 
V-' a series of acts of memory. This is easily seen 
and assented to, when laj-ge intervaJa of time ajid a 
complex train of oceurrencea ate concerned. But 
since memory is requisite in order to apprehend time 
in auch cases, we cannot doubt that the same faculty 
mtiat be concerned in the shortest and simplest cases 
of succession; for it will hardly be maintained that 
the process by which we contemplate the progress of 
tim.e is different, when small, and when large intervals 
are concerned. If memory be absolutely requisite to 
connect two events which begin and end a day, and to 
perceive a tract of time between them, it must be 
equally indispensable to connect the beginning and 
end of a minute, or a second; though in this case the 
effort may be smaller, and consequently more easily 
overlooked. In common caaeB, we are unconscious of 
the act of thought by which we recollect the preceding 
instant, though we perceive the effort when we recol- 
lect some distant event. And this is analogous to 
what happens in other instances. Thus, we walk 
without being conscious of the volitiona by which we 
move our muscles; but, in order to leap, a distinct 
and manifest exertion of the same muscles is necessary. 
Yet no one will doubt that we walk as well as leap by 
an act of the will exerted through the muscles ; and in 
like manner, our consciousness of sm^ as well as large 
intervals of time involves something of the nature of 
an act of memory. 

2. But this constant and almost imperceptible kind 
of memory, by which we connect the be ginning and 



nud of wch iuslaut as it passes, may veiy fitly be dia- 
ti»)[tiiaho«l in iximmDii cases from munifest acts of re- 
cultoctiuii, although it may be difficult or impossible to 
w^]■Bnlt<) the two operatioiia in general. This perpetual 
«util Intent kind of memory may be termed a gense of 
tHCMMtiw»«M,' and must be considered as an internal 
wHt»(> by which we perceive ourselves existing In time, 
tntioli ill the same way a« by our external and mus- 
cular sense we perceive ouz^vea esiating in space. 
Aud both oar internal thoughts and feelings, and the 
vveuta which take place around us, are apprehended as 
objects of this internal sense, and thus as taking place 
in time. 

3. In the same manner iu which our interpretataoo 
of tlie notices of the muacular sense implies the power 
<if moving our limbs, and of touching at wiU this 
object or that; our apprehension of the relations of 
tdme, by meajis of the internal sense of succesaivenesa, 
Impliia a power of recalling what has past, and of 
retaining what is passing. We are able to seize the 
ooourrencea which have just 'taken place, and to hold 
tliem iaat in our minds so as mentally to measure their 
distance in time from occurrences now present And 
thus, this sense of aucceaaiveness, like the muscnlar 
souse with which we have compared it, implies acti- 
vity of the mind itself, and is not a sense passively 
receiving impressions. 

4. The conception of dumber appears to require 
the exercise of the same sense of siiccession. At first 
sight, indeed, we seem to apprehend Number without 
any act of memory, or any reference to time : for ex- 
ample, we look at a horse, and see that his legs are 
four; and this we seem to do at once, without reckon- 
ing them. But it ia not difficult to see that this 
seeming instantaneousness of the perception of small 
numbers is an illusion. This resembles the many 
other coses in which we perform short and easy acts 
so rapidly and lamiliarly that we are unconscious of 
them; as in the acta of seeing, and of articulating onr 
worda. And this is the more manifest, since we begin 
onr acquaintance with number by counting even the 



smallest numbers. Children anil very rude savftges 
nmat use an effort to reckon even their five fingers, 
and find a difficnlty in going further. And persona 
have heen known who were able by habit, or by a 
peculiar natural aptitude, to count by dozens as rapidly 
aa common persona can by units. We may conclude, 
therefore, that when we appear to catch a small num- 
ber by a single glance of the eye, we do in fact count 
the units of it in a regular, though very brief succea- 
sion. To count requires an act of memory. Of thii^ 
we are sensible when we count very slowly, as when 
we reckon the strokes of a church-clock ; for in such a 
case we may forget in the intervals of the strokes, and 
inUcovmt. Now it will not be doubted that the nature 
of the process in counting is the same whether we 
count iast or slow. There is no definite speed of 
reckoning at which the faculties which it requires are 
changed ; and therefore memory, which is requisite in 
some cases, must be so in all '. 

The act of coimting, {one, two, three, and so on,) is 
the foundation of all our knowledge of number. The 
intuition of the relations of number involves this act 
of counting; for, as we have just seen, the conception 
of number cannot be obtained in any other way. And 
thus the whole of theoretical arithmetic depends upon 
an act of the mind, and upon the conditions which the 
exercise of that act implies. These have been already 
CKplained in the last chapter. 

5- But if the apprehension of number he accompa- 
nied by an act of the mind, the apprehension of 
rkytkra, is so still more clearly. All the forms of ver- 
sification and the measures of melodies are the creations 
of man, who thus realizes in words and sounds the 
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forniH of rociurence which rise within hia own mind. 
When we hear in a quiet scene any rapidly-repeatod 
soimd, as those made by the hammer of the smith or 
the saw of the carpenter, every one tnowa how inaen- 
flibly we throw these noises into a rhythmical form in 
our own apprehension. We do this even without any 
suggestion from the sounds themselves. For instance, 
if the beata of a clock or watch be ever so exactly 
alike^ we still reckon them alternately tich-Caak, tick- 
tack. That this ia the case, may be proved by taking 
a watch or clock of such a constraction that the return- 
ing swing of the pendulum ia silent, and in which 
therefore all the beats are rigorously alike ; we shall 
find ourselves still reckoning its sounds as tick'toci. 
In thia instance it is manifest that the rhythm, is 
entirely of our own making. In melodies, also, and in 
verses in which the rbytluu is complex, obscure and 
difficult, we perceive something is i-equired on our 
part; for we are often incapable of contributing our 
share, and thus lose the sense of the measure alto- 
gether. And when we consider such cases, and attend 
to what passes within us when we catch the measure, 
even of the simplest and best-known air, we shall no 
longer doubt that an act of our own thoughts is requi- 
site in such cases, as well as impressions on the eenaK 
And thus the conception of this peculiar modificatioii 
of time, which we have called rhythm, like all the 
other views which we have taken of the subject, shows 
that we must, in order to form such conceptions, supply 
a certain idea by our own thoughts, as well as merdy 
receive by senses, whether external or internal, the 
impressions of appearances and collections of appear- 
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NOTE TO CHAPTER X. 



I HAVB in the hat tan chaptera described Space, Tline, and Num- 
bar bj warioua espressiona, all intended to point out their office 
as exemplifying the Ideal Element of bnman knowledge. I have 
called them Fundamental Ideas; Fortai of Perception; Forma of 
Jnluitioji; and perhaps other names. I might add yet other 
phrasea. I might say that the propertieB of Space, Time, and 
Nuinbar are Laat of the Mind'a A clivUy in apprehending what 
IB. For the mind cannot apprehend any thing or evont except 
conformably to the properties of apace, time, and number. It ia 
not only that it dots not, hut it can noti and this impossibility 
Bhom that the law ia a law of the mind, and not of objects ex- 
traneouB to the mind. 

It is usual for some of those who reject the doctrines here 
presented to say that the axioms of geometry, and of other sci- 
ences, are obtained, by Induction from facta constantly presented 
by experience. But I do net see how Induction can prove that a 
propoaition mmt be true. The only intelhgible usage of lie word 
ladveiion appears to mo to bo, that in which it ia appKed to a 
propoaition which, being separable from the facta in our appre- 
bensiDD, and being compared with them, ia seen to agree nith 
them. But in the oases now spoken of, the propoaition is not 
separable from the facta. We cannot infer by induction that two 
straight lines cannot inclose a space, becauso wo cannot contem- 
plate special cases of two lines inclosing a space, in which it re- 
mjuns to be determined whether or not the proposition, that both 
are straight, is tme. 

I do not deny that the activity of the mind by which it per- 
ceives objects and events as related according to the laws 






and number, ia awakened and developed by being 



constantly exercised ; and that we cannot imagine a at 

man existence in which the powers bave not been awakened and 
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devolopod by auch Gierraaa. In this way, experienoe and obser- 
Tatinn are ntceasaj'j conditions nnd prerequisites of our appre- 
liension of geometricail (and otiier) axioms. We cannot aae the 
tmtli of these axioms without some experience, bacause we can' 
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This might be expressed bj saying that such trutba are acquired 
necessarily in tJit courie of all eiperieoce ; but I think it ia very 
undeairabla to apply, to euch a coso, the word Indtution, of which 
it ia so important to ue to keep the scientiHc meaning free iVom 
Goufudonp Induction cannot give demonstrative proofs, as 1 
hsve already stated in Book I. 0, i. sect, 3, and therefore cannot 
be the ground of necessary truths. 

Anothsr expreaaioD which may lie used to describe the Fun- 
damental Ideas here spoken of ia auggested by the Uuguage of a 
Tery profound and acute Eoviow of the former edition. The He- 
viewer holds that we pass from special experiences to universal 
truths in virtue of ' the inductive propensity— the irresisUble im- 
pulHe of the mind to generalize ad infinittim,' I have already 
given reasons why I cannot adopt the former expression; bat I 
do not see why space, time, number, cause, and tbe rest, may . 
Dot be termed different forms of the impulse of the miad to genera- 
Uie. But if we put together all the Fundamental Ideas as results 
of the Generalizing Impulse, we must still separate them as dif- 
ferent modes of action of that Impulse, showing themaelvefi in 
various characteristic ways in the axioms and modes of reasoning 
which belong to difEsrent sciences. Tbe Generalizing Impulse in 
one case proceeds acoording to the Idea of Space ; in another, 
according to the Idea of Mechanical Cause; and so in other 
subjects. 



CHAPTER XI. 



1. Dieewrsvoe Reaeoning. — We have thus Been that 
onr notions of space, time, and their modificationa, 
neceasariJy involTe a certain actiiaty of the mind ; and 
that the conditions of this activity form the foundations 
of those sdencea which have the relations of space, time, 
and nmnber, for their object. Upon the fimdaniental 
prittciples thus estobliahed, the various sciences which 
are included in the term Pure Mathematiea, (Geometry, 
Algebra, Trigonometry, Conic Sections, and the rest of 
the Higher Geometry, the Differential Calculus, and 
the like,) are built up by a series of reasonings. These 
reasonings are subject to the rules of Logic, as we have 
already remarked ; nor is it necessary here to dwell long 
on the nature and rules of such processes. But we may 
here notice that such processes are termed diseurswe, 
in opposition to the operations by which we acquire 
our fundamental principleB, which are, as we have seen, 
irUiiiiive. Tliia opposition was formerly very f nniiljar 
to our writers; aa Milton, — 

. . . Thus the soul reiui>D receiTes, 
DiBCUTBivB or intciitiVB. — Paradite Loot, y. 438. 
For in such reasonings we obtain our conclusions, not 
by looking at our conceptions steadily in one view, 
which is intuition, but by passing from one view to 
another, like those who run from place to place (discur- 
Bua). Thus a straight line may be at the same time a 
xide of a ti-iangle and a radius of a circle: and in the 
iirat proposition of Euclid a Line is considered, first in 
one of these relations, and then in the other, and thus 
the sides of a certain triangle are proved to be equal. 
And by this 'diacourse of reason,' as by our older 
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writers it was termed, we set forth from those axioms 
whicli we perceive by intuition, travel securely over 
a vast and varied r^on, and become possessed of a 
copious store of mathematical truths. 

2. Technical Terms of Reasoning. — The reasonjng 
of mathematics, thus proceeding from a few simple 
principles to many truths, is conducted according to 
the ndes of Logia If it be neceesary, mathematical 
proofs may be reduced to logical forms, a^iA expressed 
in Syllogiams, consisting of major, minor, and conclu- 
aiou. But in most cases the syUogism is of that kind 
which is called by logical writers an Enthynieme; a 
word which implies something existing In the thoughts 
only, and which designates a syllogism in which one 
of the premises is understood, and not expressed. Thus 
we say in a mathematical proo^ ' because the point c 
is the center of the circle ab, ac is equal to BC;' not 
stating the moQor,- — that all lines drawn from the cen- 
ter of a circle to the circumference are equal ; or intro- 
ducing it only by a transient reference to the definition 
of a circle. But the enthymeme is so constantly used 
in all habitual forms of reasoning, that it does not 
occur to us as being anything peculiar in mathematical 

The propositions which are proved to be generally 
true are termed Theorems: but when anything is 
required to be done, as to draw a line or a circle 
under given conditions, this proposition is a ProMem. 
A theorem requires demonstration ; a problem, solution. 
And for both purposes the mathematician usually 
makes a Construction. He directs us to draw certain 
lines, circles, or other curves, on which is to be founded 
his demonstration that his theorem is true, or that his 
problem is solved. Sometimes, too, he establishes some 
Iiemraa, or preparatory proposition, before he proceeds 
to his main ta^; and often he deduces from, his de- 
monstration some conclusion in addition to that which 
waa the professed obj ect of his proposition ; and this is 
termed a Corollary. 

These technical terms are noted here, not as being 
very important, but in order that they may not sound 
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ati-ange and imintelligible if we should have c 

to use some of them. There is, however, one technical 

diatmctioa more peculiar, and more important. 

3. GeoTnelrical Analyaia and Synllieaia. — In geome- 
trical reasoning such aa we have deacribed, we intro- 
duce at every step some new consideration ; and it is 
by combining nil these considerations, that we arrive 
at the conoluaion, that is, the demonstration of the pro- 
position. Each step tends to the final result, by exhi- 
biting some part of the figure imder a new relation. 
To what we have already proved, ia added something 
more; and hence this process is called Synthegia, or 
p-ullinff togdheT. The proof flows on, receiving at 
every torn new contributions from different qnarters ; 
lite a river fed and augmented by many tribntary 
streams. And each of these tributaries flows from 
some definition or arioni aa its fountain, or is itself 
formed by the union of smaller rivulets which have 
sources of this kind. In descending along its courae, 
the synthetical proof gathers all these accessions into 
one common trunk, the proposition finally proved. 

But wo may proceed in a different manner. We 
iQay be^ from the formed river, and ascend to it« 
sources. "We may take the proposition of which we 
require a proof, and may esamine what the supposition 
of its truth implies. K this be true, then something else 
may be seen to be true; and from this, something else, 
and so on. We may often, in this way, disoove?of what 
simpler propositions our theorem or solution is com- 
pounded, and may resolve these in succession, till we 
come to some proposition which is obvious. This ia 
geometrical Ajuihjsia. Having succeeded in this ana- 
lytical process, we may invert it; and may descend 
again from the simple and known propositions, to the 
proof of a theorem, or the solution of a problem, which 
was our frtarting-placa 

This process resembles, as we Lave said, tracing a 
river to its sources. As we ascend the stream, we per- 
petually meet with bifiircations ; and some sagacity is 
needed to enable ua to see which, in each ca«e, is the 
main stream: but if we proceed in our research, we 
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exhaust the nnexplored valleys, and finally obtain a 
clear knowledge of the place whence the waters flow. 
AncUyticcd is sometimes confounded with symbolical 
reasoning, on which sabject we shall make a remark in 
the next chapter. The object of that chapter is to 
notice certain other fundamental principles and ideas, 
not included in those hitherto spoken of, which we find 
thrown in our way as we proceed in our mathematical 
speculations. It would detain us too long, and involve 
us in subtle and technical disquisitions, to examine 
fully the grounds of these principles; but the Mathe- 
matics hold so important a place in relation to the in- 
ductive sciences, that I shall briefly notice the leading 
ideas which the ulterior progress of the subject in- 
volves. 



CHAPTER XII. 

Of the Foukdations op the Higher Mathematics. 



I. JTie Idea of a Limit. — The general truths con- 
cerning relations of sipace whicli depend upon the 
axioms and definitions contained in £\iclid'3 Elem^nUt 
and which invoive only properties of atroight lines and 
circles, are termed Eiemeulary Geometry: all beyond 
this belongs to the Higher Geometry. To this latter 
province appeilain, for example, all propoHitions re- 
specting the lengths of any portions of curve lines; 
for these cannot be obtained by means of the princi- 
ples of tlie Elements alona Here then ve must ask to 
what other principles the geometer has recourse, and 
from what source these are drawn. Is there any origin 
of geometrical truth which we have not yet explored! 

The Idea of a Limit supplies a new mode of esta^ 
blishing mathematical truths. Thus with regard to 
the length of any portion of a curve, a problem which 
we have just mentioned; a ciu^e is not made up of 
straight fines, and therefore we cannot by means of 
any of the doctrines of elementary geometiy measure 
the length of any curve. But we may make up a figure 
nearly resembling any curve by putting together many 
short straight lines, just as a polygonal building of 
very many sides may nearly resemble a circular room. 
And in order to approach nearer and nearer to the 
curve, we may make the aidea more and more small, 
more and more numerous. We may then possibly find 
some mode of measurement, some relation of these 
small lines to other lines, which is not disturbed by 
the multiplication of the sides, however fer it be car- 
ried. And thus, we may do what is equivalent to 
measuring the curve itself; for by multiplying the 
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~ ia Uie Uamt of tbe pc^ygon; and in ttiis pro Mi 
l<w praeeal on tlK Axiem^ tliftt 'Wkftt b troe up to 
"Bte Zinih h true it tlue Lfanh.' 
Tbia mode of ooDcerving m 
■ of wide extent and nae; for erery curre maj bei 
Mered aa the limit of some poljgon; ereiT raned 
BagiiittHle, SB the limit of some aggr^ate of stm^der 
femis; and thus the relations of the elemeatiuy figares 
e&aUe us to adruice to the pn^ialies of the most 
complex cases. 

A limit is a peculiar and fundamental conceptifHi, 

I die use of irhich in proving the proposidons of the 

KBjgfier Oeometry cannot be snpeiseded bj any oom- 

rlitnation of othf^ hypotheses and definitions'. The 

sxiom jnst noticed, that what b true up to the limit 

ia tme at the limit, is inTolved in the very conception 

of a limit : and this principle, with its consequences; 

leads to all the results which form the sabject of Uie 

higgler mathematics, whether proved 1^ the coosiden- 

tion of eran«scent triangles, by the processes of the 

Differential C^enlns, or in any other way. 

The ancients did not expressly introduce this con- 
ception of a Limit into their m3thematii;id reasonings; 
althou^ in the application of what is termed the 
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Method of EuJuivatiom, (in which they show how to 
eaJtaust the difference between a polygon and a curve, 
or the like,) they were in feet proceeding upon an ob- . 
Bcure apprehousion of principles equivalent to those of 
the Method of Liaiite. Yet the neceasary fundamental 
principle not having, in their time, been clearly de- 
Teloped, their reasonings were both needlessly intricate 
and imperfectly satisfactory. Moreover they were led 
to put in the place of axioms, assumptions which were 
by no means self-evident ; as when Archimedes as- 
sumed, for the basis of hia measure of the circumfer- 
ence of the circle, the proposition that a circular aro 
is neceaaarily less than two lines which inclose it, 
joining its extremities. The reasonings of the older 
mathematicians, which professed to proceed upon such 
assumptions, led to true results in reality, only because 
they were guided by a latent reference to the limiting 
case of such asaumptionB. And this latent employment 
of the conception of a Limit, reappeared in vajioua 
forms during the early period of modem mathematics; 
as for example, in the Method 0/ Indivisibles of Caval- 
leri, and the Ghevraetmstic Triangle of Barrow; till at 
last, Newton distinctly referred such reasonings to the 
conception of a Limit, and established the iundamental 
principles aud procossea which that conception intro- 
duces, with a, distinctness and exactness which re- 
quired Httle improvement to make it as unimpeachable 
as the demonstrations of geometry. And when such 
processes as Newton thus deduced irom tho conception 
of a r.imi t, are represented by means of general ^g»- 
braical symbols instead of geometrical diagrams, we 
have then before us the Mel/iod of Mvanojis, or the 
IHfferentitil Galadua; a mode of treating mathematical 
problems justly considered as the principal weapon by 
which the splendid triumphs of modem ma,thematic8 
have been adiieved. 

2. TJie Use of General Sj/mbols. — The employment 
of algebraical symbols, of which we have just spoken, 
has been another of the main instruments to which 
the Bucocsaes of modem mathematics are owing. And 
here again tho processes by which we obtain our 
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resulta depend for their evidence upon a, fundamental 
ooncoption, — the conception of arbilrary symbols as the 
. Signs of quantity and its relationa; and upon a cor- 
responding axiom, that ' The interpretation of such 
Bymbola must be perfectly general.' In this case, as 
in the last, it was only by degrees that mathemsiticians 
were led to a juat apprehension of the grounds of their 
reaaoning. For symbols were at first used only to re- 
present numbers considered with regard to their nu- 
merical properties; and thus the science of Algebra 
■was formed. But it whb found, even in cases belonging 
to common algebra, that the symbols often admitted 
of an interpretation which went beyond the limits of 
the problem, and which yet was not unmeaning, since 
it pointed out a question closely analogous to the ques- 
tion proposed. This was the case, for example, when 
the answer was a negative guamiity; for when Deacartea 
had introduced the mode of representing curves by 
means of algebraical relations among the symbols of 
the co-ordimUea, or distances of each of their points 
from Axed lines, it was found that negative quantities 
must be dealt with as not less truly significant than 
positive ones. And as the researches of mathemar 
ticians proceeded, ottier cases also were found, in which 
the symbols, although destitute of meaning according 
to the original conventions of their institution, still 
pointed out truths which could be verified in other 
ways; as in the oases in which what are called impos- 
aible quantities occur. Such processes ma,y usuaUy be 
confirmed upon other principles, and the truth in 
question may be established by means of a demonstra- 
tion in which no such seeming fclkcies defeat the 
reasoning. But it has also been shown in many such 
cases, that the process in which some of the steps ap- 
pear to be without real meaning, does in fact involve a 
valid proof of the proposition. And what we have 
here to remark is, that this ia not true accidentally or 
partially only, but that the results of systematic sym- 
bolical reasoning must always express general truths, 
by their nature; and do not, for thmr justification, 
require each of the steps of the procesa to represent 
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some definite operation upon quantity. The ahsolvtB 
universality of the interpretation of symbols is the fun- 
ilamental principle of their use. This has been shown 
very ably by Dr. Peacock in his Algdira. He has 
there illustrated, in a variety of ways, this principle : 
that 'If general aymbola express an identity when 
they are supposed to be of any special nature, they 
must also express an identity when they are general in 
their nature.' And thus, this universality of symbols 
18 a principle in addition to those we have already 
noticed ; and is a principle of the greatest importance 
in the formation of mathematical science, according to 
the wide genei-ality which mieh Bcience haa in modem 



3. Gotmeximi of Sj/miboh and Analysis. — -Since in 
our symbolical reasoning our symbols thus reason for 
us, we do not necessarily here, aa in geometrical rea- 
soning, go on adding carefiilly one known truth to 
another, till we reaeh the desired result. On the con- 
trary, if we have a theorem to prove or a problem to 
Bolve which can be brought under the domain of our 
symbols, we may at once state the given but unproved 
foTutb, or the given combination of unknown quantitiee, 
in ita symbolical form. After this first process, we 
may then proceed to trace, by means of o«r symbols, 
what other truth is involved in the one just stated, or 
what the unknown symbols must signify; resolving 
step by step the symbolioal assertion with which we 
began, into others more fitted for our purpose. The 
former process is a kind of syTdlwds, the latter is 
termed analysis. And although symbolical reasoning 
does not necessarily imply such analysis; yet the con- 
nexion is so familiar, that the term ancdyaia is fre- 
quently used to designate symbolical reasoning. 



CHAPTER XIIL 

The Doctrine of Motion, 



Pure Meclianism. — TaE doctrine of Motion, of 
■which we have here to speak, is that in which motion 
is considered quite independently of its canse, force ; for 
all consideration of force belongs to a class of ideas 
entirely different from those with which vre are here 
concerned. In this view it may bo termed the pure 
doctrine of motion, since it has to do solely with space 
and time, which are the subjects of pure mathematics. 
(See c i. of this book.) Although the doctrine of 
motion in connexion with force, which is the subject 
of mechanics, is by far the most important form in 
which the consideration of motion entan into the form- 
ation of our sciences, the Pure Doctrine of Motion, 
which treats of space, time, and velocity, might be fol- 
lowed out so as to give -rise to a very considerable and 
ouriouB body of science. Such a science is the science 
of Mechanism, independent of force, and considered as 
the solution of a problem which may be thus enun- 
ciated ; ' To communicate any given motion from a 
first mover to a given body.' The science which should 
have for its object to solve all the various cases into 
which this problem would ramify, might be termed 
Fwe Mechanism, in contradistinction to Meckaaiie* 
Proper, or MacJiinery, in which Force is taken into 
consideration. The greater part of the machines which 
have been constructed for use in manuiactures have 
been practical Eolutions of some of the cases of this 
problem. We have also important contributions to such 
a science in the works of Mathematicians ; for example, 
the various investigations and demonstrations which 
have been published respecting the form of the Teeth 
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of Wlieels, and Mr. Babbage's memoir' on the Lan- 
guage of Machinery. There are also several works 
which contain collections of the mechanical coatriv- 
3 which hare been invented for the purpose of 
tranamitting and modifying motion, and these works 
may be considered as treatises on the science of Pure 
But this science has not yet been reduced 
to the systematic simplicity which ia desirable, nor 
indeed generally recognized as a eeparate science. It 
has been confounded, under the conunon name of J/e- 
ehanici, with the other science^ Mechanics Proper, or 
Machinery, which considers the effect ot force trans- 
mitted by Mechanism from one part of a material com- 
bination to another. For example, the Mecltamcai 
Powws, aa they are usually termed, (the Lover, the 
Wheel and Axle, the Inclined Plane, the Wedge, and 
the Screw,) have almost always been treated with 
reference to the relation between the Power and the 
Weight, and not primarily as a mode of changing the 
velocity and kind of the motion. The science of pure 
motion has not generally been separated from the 
aoience of motion viewed with reference to its causes. 

Recently, indeed, the necessity of such a separation 
haa been seen by those who have taken a philosophical 
view of scienca Thus this necessity has been urged by 
M. Arapfere, in his Eaaai ear la PhUoaopkie dus A'ciencsa 
(1834): 'Long,' he says, (p. 50,) 'before I employed 
myself npon the present work, I had remarked that it 
is uaual to omit, in the beginning of all books treating 
of sciences which regard motion and force, certain 
considerations which, duly developed, must constitute 
a special science: of which science certain parts have 
been treated of, either in memoirs or in Bpecial works ; 
such, for example, aa that of Camot u]>on Motion con- 
sidered Geometrically, and the essay of Lanz and Be- 
tancourt upon the Composition of Machines.' He then 
proceeds to describe this science nearly aa we have 
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' done, and proposes to term it Kinematics (Cincmalique), 
bom Kirrifta, motion. 

3. Formal A»tro7tomy. — I shall not attempt here 
farther to derelop the form which such a science must 
avnima But 1 may notice one very loi^ province 
which belongs to it When men had ascertained the 
^iparent motions of the eon, moon, and stars, to a 
moderate degree of regularity and accnracy, they bied 
to conceive in their miads some mechanizm by which 
these motions might he prodnced ; and thus they in 
&ct proposed to themselves a very extensive problem 
in KinanatirB. Thia, indeed, was the view originally 
entertcuned of the nature of the science of astronomy. 
Thos Plato in the eeventh Book of hia RepiiHic', qieaks 
of astronomy as the doctrine of the motion of solids, 
meaning thereby, spherec. And the same was a proper 
deecription of the science till the tim.e of Kepler, and 
eren later : for Kepler endeavoured in vain to conjcnn 
with the knowledge of the motions of the heavenly 
bodies, those true mechanical conceptions which con- 
verted formal into physricaJ astronomy*. 

The a'rtronomy of the ancients admitted none but 
uniform circular motions, and could therefore be com- 
pletely cultivated by the aid of their elementary geo- 
metry. But the pure science of motion might be ex- 
tended to all motions, however varied as to the speed 
or the path of the moving body. In thia form it must 
depend upon the doctrine of limita; and the fiindar 
mental principle of its reasonings would be this : That 
Teloci^ is measured by the l2mit of the »pa(x de- 
scribed, considered with reference to the time in which 
it is described. I shall not further pursue this aubject; 
and in order to complete what I have to say respecting 
die Pure Sciences, I have only a few woids to add re- 
specting their bearing on Inductive Science i 
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CHAPTER XIV. 



1. A Hj objects in the world which can be made the 
Z~\- subjects of our cotttemplation are suboiiiuiate 
to the conditlonB of Space, Time, and Number; and on 
this accoimt, the doctrines of pure mathematica have 
most numerous and extensive applications in eyeiy de- 
partment of our investigations of nature. And there 
is a peculiarity in these Ideas, which has cauaed the 
mathematical sciences to be, in all cases, the first auc- 
cesaful efforts of the awakening speculative powers of 
nations at the commencement of their intellectual pro- 
greea Conceptions derived from these Ideas are, from 
the voiy first, perfectly precise and clear, so as to be 
fit elements of scientific truths. This is not the case 
with the other conceptions which form the subjects of 
scientific inquiries. The conception of statical force, 
for instance, whs never presented in a distinct form till 
the works of Archimedes appeared ; the conception of 
accelerating farce was confiised, in the mind of Kepler 
and his contemporaries, and only became clear enough 
for purposes of sound scientific reasoning in the suc- 
ceeding century: the just conception of chemical eiym- 
po»ition of elements gradually, in modem times, emerged 
from the erroneous and vogue notions of the ancients. 
If we take works published on such subjects before the 
epoch when the foundations of the true science were 
laid, we find the knowledge not only small, but worth- 
lees. The writers did not see any evidence in what we 
now consider as the axioms of the science; nor any in- 
consistency where we now see self-contradiction. But 
this was never the case with speculations concerning 
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apace and number. From their first rise, these were 
true aa fiir aa they went. The Geometry and Arith- 
metic of the Greeks and Indians, even in their first 
and moirt. scanty fonn, contained none but true propo- 
mtiona. Men's intuitions upon these eubjecte never al- 
lowed them to fdide into error and confusian ; and the 
truths to which they were led by the firet efforts of 
their feculties, so employed, form part of the present 
stock of oiu* mathematical knowledge. 

2. But we are here not bo much concerned with 
mftthematics in their pure tbrm, as with their appHca^ 
tioQ to the phenomena and laws of nature. And here 
also the very earliest histoiy of civilization presents to 
us some of iJie most remarkable examples of man's suc- 
cess in his attempts to attain to science. Space and 
time, position and motion, govern all visible objects; 
but by far the moat consjjicuous examples of the rela- 
tions which arise out of such elements, are displayed 
bythe ever-moving luminaries of the sky, which measure 
days, and months, and years, by thetr motions, and 
man's place on the earth by their position. Hence the 
sciences of s])ace and number were from the first culti- 
vated with peculiar reference to Astronomy. I have 
elsewhere' quoted Plato's remark, — that it is absurd 
to caU the science of the relations of space geometry, 
the measure of the earth, since its most important 
office is to be found in its application to the faeavena 
And on other occasions also it appears how Etrongiy 
he, who may be considered as the representative of the 
EKientific and speculative tendencies of his time and 
country, had been impressed with the conviction, that 
the formation of a science of the celestial motions must 
depend entirely upon the progress of mathematics. In 
the Epilogue to the Dialog ite on tite Laws', he de- 
clares mathematical knowledge to be the £rst and main 
requisite for the astronomer, and describes the portions 
of it which he holds necessary for astronomical specu- 
lators to cultivate. These seem to be, Plane Gteometry, 
Theoretical Arithmetic, the Application of Arithmetic 
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to planea and to soliiia, and finally the doctrine of Har- 
monics. Indeed the bias of Plato appears to be gather 
to consider mathematics, as the esseace of the t^cience 
of BAtronomy, than an its instrument j and he seems 
disposed, in this as in other things, to disparage obaer- 
vfttion, and to aspire after a science founded upon de- 
monstration alone. ' An astronomer,' he says in the 
same place, ' must not be like Hesiod and persons of 
that kind, whose astronomy consists in notii^ the set- 
tings and risings of the stars ; but he must be one who 
understands the revolutiona of the celestial spheres, 
each performing its proper cycle.' 

A large portion of the mathematics of the Greeks, 
BO long as their scientiiio activity continued, was di^ 
reoted towards Astronomy. Beaides many curious pro- 
positions of plane and solid Geometry, to which their 
aattonomers were led, their Arithmetic, though very 
inconTenient in its fundamental aasumptiona (as being 
sexagesimal not decimal), was cultiTated to a. great 
extent ; and the science of Trigonometry, in which pro- 
blems concerning the relations of space were resolved 
by means of tables of numerical resulte previously 
obtained, was created. Menelaus of Alexandria wrote 
six Booka on Chords, probably containing methods of 
calculating Tables of these quantities; such Tables 
were familiarly used by the later Greek astronomers. 
The same author also wrote three Books on Spherical 
Trigonometry, which are Btill extant. 

3. The Greeks, however, in the first vigour of their 
pursuit of mathematical truth, at the time of Plato and 
soon after, had by no means confined themselves to 
those propositions which had a visible bearing on the 
phenomena of nature ; but had followed out many beau- 
tiful trains of research, concerning various kinds of 
ligures, for the sake of their beauty alone; as for in- 
stance in their doctrine of Conic Sections, of which 
curves they had discovered all the princi|)al properties. 
But it is curious to remark, that Uiese investigations, 
thus pursued at first as mere matters of curiosity and 
intellectual gratification, were destined, two thousand 
years later, to play a very important part in establish- 



spHt of the pure satssosa, 

ing tli£it ^stem of the celestial motions which suc- 
ceeded the Platonic scheme of cycles and epicycles. 
If the properties of the conic sections had not been 
demonstrated by the Greeks, and thus rendered &mi- 
liar to the mathematicJiLna of succeeding ages, Eepler 
would probably not have been able to discover those 
laws respecting the orbits and motions of the planets 
which were the occasion of the greatest rcvolntion that 
ever happened in the history of science. 

4- The Arabians, who, an 1 have elsewhere said, 
added little of their own to the xtores of science which 
Uiey received from the Greeks, did howev^- make 
tome very important contributiona in those portions of 
pure mathematics which are subservient to astronomy. 
Their adoption of the Indian mode of computation by 
means of the Ten Digits, i, 2, 3, 4, 5, 6, 7, 8, 9, o, 
and by the method of Local Yalues, inst^d of the 
cumbrous sexagesimal a.rithmetic of the Greeks, whs 
an improvement by which the convenience and focility 
of numerical calculations were immeasurably aug- 
mented. The Arabians also rendered several of the 
processes of trigonometry much more commodious, by 
using the Sine of an arc instead of the Chord ; an im- 
provement which AlbategniuH appears to claim for 
himself^; and by employing also the Tangents of arts, 
or, as they called them', ivpriyht shadows. 

5. The constant application of mathematical know- 
ledge to the researches of Astronomy, and the mutual 
influence of each science on the progress of the other, 
has been still more conspicuous in modern timee. 
Newton's Method of Prime and Ultimftte Ratios, 
which we have already noticed as the first correct ex- 
position of the doctrine of a Limit, is stated in a series 
of Lemma.s, or preparatory theorems, pretised to his 
Treatise on (Ae System 0/ the World. Both the proper- 
ties of curve lines and the doctiines concerning force 
and motion, which he had to establish, required that 
the common mathematical processes should be metho- 
dised and extended. If Nowton hod not been a most 
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spert and inventive matheraaticiim, as well as a pro- 
found and philosophical thinker, he could never have 
made any one of tlioMe vast strides in discovery of 
which the rapid succeaaion in hia work strikes us with 
wonder'. And if we see that the great task begun by 
him, goes on more slowly in the hands of his imnie< 
diate successors, and lingers a little before its full 
completion, we perceive tliat this arises, in a great 
meaaur^ from the defect of the mathematical methods 
then need. Newton's synthetical modes of investiga- 
tion, as we have elsewhere observed, were an instru- 
ment", powerful indeed in his mighty hand, but too 
ponderous for other persons to employ with effect. The 
countrymen of Newton clung to it the longest, out of 
veneration for their master; and English cultivators of 
physical astronomy were, on that very account, left 
behind the progress of mathematical science in France 
and Germany, by a wide interval, which they have 
. only recently recovered. On the Continent, the ad- 
vantages offered by a familiar use of symbols, and by 
attention to their symmetry and other relations, were 
accepted without reserve. In this manner the Difier- 
ential Calculus of I<eibnitz, which was in its origin 
and signification identical with the Method of Fluxions 
of Newton, soon surpassed its rival in the extent and 
generality of ite application to problems. This Calculus 
was applied to the science of m.echanics, to which it, 
along with the symmetrical use of co-ordinates, gave a 
new form ; for it was soon seen that the most difficult 
problems might in general be reduced to finding inte- 
grals) which is the reciprocal process of that by which 
differentials are found; so that all difficulties of physi- 
cal astronomy were reduced t« difficulties of symbolical 
calculation, these, indeed, being often sufficiently stub- 
bora. Clairaut, Euler, and D'Alembert employed the 
increased resources of mathematical science upon the 
Theory of the Moon, and other questions relative to 
the system of the world; and thus began to pursue 
such inquiries in the course in which mathematicians 

■ Htrf. Ind. St. b, TiL t a • lUd. p. 175. 
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are still labouring up to the present day. Tim course 
waa not without its checks and perplexities. We have 
eUewhere quoted' Clairaut'e espression when he had 
obtained the very complex differential equations which 
contain the solution of the problem of tjie moon's mo< 
tiont 'Now int^rate them who can I' But in no 
vety long time they were integrated, at least approsj- 
tnately; and the methods of approximation have unce 
then been improved ; so that now, with a due expendi' 
ture of labour, they may be carried to any extent which 
is thought desirable. If the methods of astronomical 
observation should hereafier reach a higher degree of 
exactness than they now profess, so that irregularities 
in the motions of the sun, moon, and planets, Bhall be 
detected which at present escape us, the mathematical 
part of the theory of universal gravitation is in such a 
condition that it can soon be brought into comparison 
with the newly-observed facts. Indeed at present the 
mathematical theory is in advance of such obserra' 
tions. It can venture to suggest what may afterwards 
be detected, as well as to explain what has already 
been observed. This has happened recently; for Pro-" 
feasor Airy has calculated the law and amount of an 
inequality depending upon the mutual attraction of 
the Earth and Venus ; of which iuequality (so small is 
it,) it remains to be determined whether its effect can 
be traced in the series of astronomical observations. 

6. As the influence of mathematics upon the pro- 
gress of astronomy is thus seen in the cases in which 
theory and observation confirm each other, so this in- 
fluence appears in another way, in the very few cases 
in which the fects have not been fully reduced to an 
agreement with theory. The most conspicuous case of 
this kind is the state of our knowledge of the Tides. 
This is a portion of astronomy: for the Newtonian 
tlieory asserts these curious phenomena to be the re- 
sult of the attraction of the sun and moon. Nor can 
there be any doubt that this is true, as a general state- 
ment; yet the subject is up to the present time a blot 

' Hid, Ind. Sc b. rl. c it B«*. 7- 
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on the perfection of the theory of univeraal grayita- 
tion ; for we are very far from being ahie ia this, as in 
the other parts of astronomy, to show that theory will 
exactly account for the time, and magnitude, and all 
other circumstances of the phenomenon at every place 
on the earth's suriaca And what is the portion of our 
matheraatica which is connected with this solitary sig- 
nal defect in astronomy 1 It is the mathematics of the 
Motion of Fluids; a portion in which extremely little 
progress has been made, and in which ail the more 
general problems of the subject have hitherto remained 
entirely insoluhla The attempts of the greatest ma- 
thematicians, Newton, Maclaurin, Bemoiilli, Clairaut, 
laplace, to master such questions, all involve some 
gratuitous assumption, which is introduced because 
the problem cannot otherwise be mathematically dealt 
with : these assumptions confessedly render the result 
defective, and how defective, it is hard to say. And it 
was probably precisely the absence of a theory which 
could be reasonably expected to agree with the obser- 
vations, which made Observations of this very curious 
phenomenon, the Tides, to be so much neglected as 
till very recently they were. Of late years such obser- 
vations have been pursued, and their results have been 
resolved into empirical laws, so that the rules of the 
phenomena have been ascertained, although the de- 
pendence of these rules upon the lunar and solar forces 
hsLB not been shown. Here then we have a portion of 
our knowledge relating to facts undoubtedly dependent 
upon universal gravitation, in which Observation has 
outstripped Theory in her progress, and is compelled 
to wait till her usual companion overtakes her. This 
is a position of which Mathematical Theory has usually 
been very impatient, and we may expect that she will 
be no less so in the present instance. 

7. It would be easy to show from the history of 
other sciences, for example, Mechanics and Optics, 
how essential the cultivation of pure mathematics has 
been to their progress. The parabola was already 
familiar among mathematicians when Galileo discovered 
that it was the theoretical path of a Projectile ; and the 



extensioH and generalization of the Laws of Motion 
could never have been effected, unless the Differential 
and Integral Calculus had been at hand, readj to trace 
the reaultB of every hypothesis which coiild be made. 
D'Alembert'a mode of expressing the Third law of 
Motion in its most general form', if it did not prove 
the law, at least reduced the application of it to analy- 
tical processes which could be performed in most of 
those cases in which they were needed. In many in- 
stances the demands of mechanical science suggested 
the extension of the methods of pure analyaia. The 
problem of Vibrating Strings gave rise to the Calculus 
of Partial Differences, which was still further stimu- 
lated by its application to the motions of fluids and other 
mechanical problems. And we have in the writings 
of Lagrange and Laplace other instances equally re- 
markable of new anrfytical methods, to which me- 
chanical problems, and especially cosmicol prohlema, 
have given occasion. 

8. The progress of Optics as a science has, in like 
manner, been throughout dependent upon the progress 
of pure mathematics. The first i-ise of Geometry waa 
followed by some advances, slight ones no doubt, in the 
doctrine of Beflection and in Perspectiva The law of 
Refraction was traced to its consequences by means of 
Trigonometry, which indeed was requisite to ezprees 
the law in a simple form. The steps made in Optical 
science by Descartes, Newton, Euler, and Huyghens, 
required the geometrical skill which those philosophere 
possessed. And if Yonng and Fresnel had not been, each 
in hia peculiar way, persons of eminent mathematical 
endowments, they would not have been able to bring the 
Theory of Undulations and Interferences into a condi- 
tion in which it could be tested by experiments. We 
may see how unexpectedly recondite parts of pure 
mathematics may bear upon physical science, by call- 
ing to mind a circumstance already noticed in the 
History of Science';^ — that Fresnel obtained one of the 
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most curious confirmations of the theory (the laws of 
Circular Polarization by reflection) through an inter- 
pretation of an algebraical expression, which, according 
to the original conventional meaning of the symbols, 
involved an impossible quantity. We have already 
remarked, that in virtue of the principle of the gene- 
rality of symbolical language, such an interpretation 
may often point out some real and important analogy. 

9. From this rapid sketch it may be seen how 
important an office in promoting the progress of the 
physical sciences belongs to mathematics. Indeed in 
the progress of many sciences, every step has been so 
intimately connected with some advance in mathema- 
tics, that we can hardly be surprised if some persons 
have considered mathematical reasoning to be the most 
essential part of such sciences; and have overlooked 
the other elements which enter into their formation. 
How erroneous this view is we shall best see by turn- 
ing our attention to the other Ideas besides those of 
space, number, and motion, which enter into some of 
the most conspicuous and admired portions of what is 
termed exact science; and by showing that the clear 
and distinct development of such Ideas is quite as neces- 
sary to the progress of exact and real knowledge as an 
acquaintance with arithmetic and geometry. 
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It is only because we subject trains of phenomena, that is, 
all change whatever, to the law of causality — to the relation of 
cause and effect— that experience or empirical knowledge becomes 
possible. 

Kant, Kr. d. 22. F. ii Th. i Abth. ii Buch. 2 Haupt. 

Quicquid premit vel trahit alterum, tantundem ab eo premitur 
vel trahitur...Si corpus aliquod in corpus aliud impingens motum 
ejus vi bvlSl quomodocunque mutaverit, idem quoque Adcissim in 
motu proprio eandem mutationem in partem contrariam vi alte- 
rius (ob sequalitatem pressionis mutuae) subibit...Obtinet etiam 
hffic Lex inattractionibus. 

Newtok, Princip. ad init 
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THE PHILOSOPHY OF THE MECHANICAL SCIENCES. 



CHAPTER I. 
Of the Mecuanical Soiences. 



IN the History of the Sciences, that class of which 
■we here apeak occupies a conspicuous and import- 
ant place; coming into notice immediately after thoae 
parts of Astronomy which require for their cultivation 
merely the ideas of apace, time, motion, and numbec. 
It appears from our History, that certain truths con- 
cerning the equUibrivm of bodies were establiahed by 
Archimedes;— that, after a long interval of inactivity, 
his principles were extended and pursued further in 
modem times ; — and that to these doctrines concerning 
equilibrium and the foixies which produce it, (which 
constitute the science Statiea,) were added many other 
doctrines concerning the motions of bodies, considered 
also aa produced by forces, and thus the science of 
Dynamics was produced. The assemblage of these 
sciences composes the province of Mechanics. More- 
over, philoBophers have laboured to make out the laws 
of the equilibrium oi jhtidaa well as solid bodies; and 
hence has arisen the science of Hydrostatia. And the 
doctrines of Mechanica*bave been found to have a 
most remarkable bearing upon the motions of the hea- 
venly bodies; with reference to which, indeed, they 
were at first principally studied. The explanation 
of thoae cosmiraJ facts by means of mechanical princi- 
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pies and their consequences, forms the science of Fhy- 
steal Astronomy, These are the principal examples of 
mechanical science; although some other portions of 
Physics, as Magnetism and Electrodynamics, introduce 
mechanical doctrines very largely into their specula- 
tions. 

Now in all these sciences we have to consider 
Forces, In all mechanical reasonings forces enter, 
either as producing motion, or as prevented from doing 
so by other forces. Thus force, in its most general 
sense, is the ccmse of motion, or of tendency to motion ; 
and in order to discover the principles on which the 
mechanical sciences truly rest, we must examine the 
nature and origin of our knowledge of Causes. 

In these sciences, however, we have not to deal 
with Cause in its more general acceptation, in which it 
applies to aU kinds of agency, material or immaterial ; — 
to the influence of thought and will, as well as of 
bodily pressure and attractive force. Our business at 
present is only with such causes as immediately ope- 
rate upon matter. We shall nevertheless, in the first 
place, consider the nature of Cause in its most general 
form; and afterwards narrow our speculations so as 
to direct them specially to the mechanical sciences. 



CHAPTER II. 
Or THE Idea of Cause. 



1, "ITSTE aee in the ■world around ns a constant ai 

V T cession of causes and effects connected with 
each other. The laws of this connexion we learn in a 
great meafinre from experience, by obseiTation of the 
occurrences which present themselves to our notice, 
succeeding one another. But in doing thia, and in 
attending to thia succession of appearancea, of which 
we are aware by means of our senses, we supply from 
our own minds the Idea of Cause. This Idea, as we 
have already shown with respect to other ldea.s, is not 
derived from experience, but has its origin in the mind 
itself; — is introduced into our experience by the active, 
and not by the passive part of our nature. 

By Cause we mean some quality, power, or efSoaey, 
by which a state of things produces a succeeding state. 
Thus the motion of bodies from rest is produced by a 
cause which we call Force : and in the particular case 
in which bodies fall to the earth, this force is termed 
Grawiy. In these cases, the Conceptions of Force and 
Gravity receive their meaning from the Idea of Cause 
which they involve : for Force is conceived as the 
Cause of Motion. That this Idea of Cause is not 
derived from experience, wg prove (aa in former cases) 
by this consideration : that we can make assertions, 
involving this idea, which are rigorously necessary and 
universal; whereas knowledge derived from experience 
can only be true as fiw as experience goes, and can 
never contain in itself any evidence whatever of its 
necessity. We assert that ' Every event must have a 
cause i' and this proposition we know to be true, not 
only probably, and generally, and as fiir as wo can see : 



bnt we canuot suppose it to be false in any smj^ 
instance. We are as certain of it aa of tLe truths of 
arithmetic or geometry. We cannot doubt that it 
must apply to all events past and future, in every part 
(rf the universe, just as truly as to those occairences 
which Tve have ourselves observed, Wfiat causes pro- 
dace what effects; — what is the cause of any partiou' 
lar event; — ^what will be the effect of any peculiar 
process; — these are points on which esperience may 
enlighten us. Observation and experience may be 
requisite, to etuible us to judge respecting auoh matto^ 
But that every event baa some cause, Esperience can- 
not prove any more than she can disprove. She can 
add nothing to the evidence of the truth, however often 
she may exemplify it. This doctrine, then, cannot 
have been acquired by her teaching; and the Idea of 
Oause, which the doctrine involves, and on which it 
depends, cannot have come into our minds from the 
region of observation, 

2. That we do, in fact, apply the Idea of Cause in 
a more extensive manner than cotild be justified, if it 
wore derived from experience only, is easily shown. 
For from the principle that everything must have a 
eaase, we not only reason concerning the succession of 
the events which occur in the progress of the world, and 
which form the course of experience ; but we infer that 
the world itself mnat have a cause; — ^that the chain 
of events connected by common causation, must have 
a First Cause of a nature different from the events 
themselves. This we are entitled to do, if our Idea of 
Cause be independent of, and sujierior' to, experience : 
bnt if we have no Idea of Cause except such as we 
gather irom experience, this reasoning is altt^ther 
baseless and unmeaning. 

3. Again; by the use of our powers of observation, 
we are aware of a aucceaaion of appearances and events. 
But none of our sensea or powers of external obser- 
vation can detect in these appearances the power or 
quality which we call Cause. Cause is that which con- 
BMte one event with another; but no sense or percep- 
tion discloses to ub, or can disclose, any connexion 
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among the events which we observe. We see ttat one 
occurrence follows another, but we c«ti never see 
anything which shows that one occuiTence mitst fol- 
low another. We have already noticed', that this 
truth has been urged by metaphysicians in modem 
timesi, and generally aaSented to by those who examine 
carefully the connexion of their own thoughts. The 
arguments are, indeed, obvious enough. One ball 
HtrikeB another and causes it to move foi-wards. But 
by what compulBion ? Where iB the necessity ! K the 
mind can see any circumstaoce is tliis case which makes 
the result inevitable, let this circumstance be pointed 
out But, in fact, there is no such discoverable neces- 
sity; for wo can conceive this event not to take place 
at all. The struck ball may stand still, for aught we 
can sea ' But the laws of motion will not allow it to 
do so.' Doubtless they will not But the laws of 
motion are leamt from expeiience, and therefore can 
prove no necessity. Why should not the laws of motion 
be other than they are? Are they necessarily truet 
That they are necessarily such as do actually regulate 
the impact of bodies, is at least no obvious truth; 
and thei-efore this necessity cannot be, in common 
minds, the ground of connecting the impact of one ball 
with the motion of another. And assuredly, if this 
fail, no other ground of such necessary connexion can 
be shown. In this case, then, the events are not seen 
to be neceSBarily connected. But If this case, where 
one ball moves another by impulse, be not an instance 
of events exhibiting a necessary connexion, we sb^l 
look in vain for any example of such a connexion. 
There is, then, no case in which events can be ob- 
served to be necessarily connected : our idea of causa- 
tion, which implies that the event is necessarily con- 
nected with the cause, cannot be derived from observa- 
tion. 

4. But it may be said, we have not any such Idea 
of Cause, implying necessary conneidon with effect 
and a quality by which this connexion ia produced- 



tLOSOPHT OF THE MECHAHICAL SCIE 



We Bee nothing hut the Buccesaion of events ; and by 
oauae we mean nothing but a certain succession of 
events; — namely, a constant, unvarying sacceasion. 
Cause and effect are only two events of which the 
second invariably follows the first. We delude our- 
selves when we imagine that our idea of causation 
iaTolveB anything more. 

To this I f eply by asking, what then is the meaoing 
of the maxim above quot^, and allowed by all to be 
nniversally and necessarily true, that every event must 
have a causel Let na put this nmxim into the lan- 
guage of the explanation juat noticed; and it becomes 
this ; — ' Every event must have a certain other event 
invariably preceding it.' But why must it! Where is 
the necessity 1 Why must like eveuta always be pre- 
ceded by lite, except ao lar as other events interfere! 
That there is such a necessity, no one can doubt. All 
will allow that if a stone ascend because it is thrown 
upwards in one case, a stone which ascends in another 
case has also been thrown upwards, or has undergone 
Bome equivalent operation. All will allow that in this 
sense, every kind of event must have some other spe- 
cific kind of event preceding it. But this turn of 
men's thoughts shows that they see in events a con- 
nesion which is not mere succession. They see in 
cause and effect, not merely what does, often or always, 
precede and follow, but what vtust precede and follow. 
The events are not only conjoined, they are connected. 
The cause is more than the prelude, the effect is more 
than the sequel, of the fact. The cause is conceived 
not as a mere occasion; it is a power, an efficacy, 
which has a real operation. 

g. Thus we have drawn from the maxim, that 

Every Effect must have a Cause, arguments to show 

that we have an Idea of Cause which is not borrowed 

I &om experience, and which involves more than mere 

Bcession. Similar arguments might be derived from 

y other maxims of universal and necessary validity, 
rwhioh we can obtain concerning Cause : as, for ex- 
ample, the maxims that Causes are measured by their 
Effects, and that Reaction is equal and opposite to 
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Action. These maxims we shall soon have to ex- 
amine; but we may observe here, that the necessary- 
truth which belongs to them, shows that they, and the 
Ideas which they involve, are not the mere finits of 
observation ; while their meaning, including, as it does, 
something quite different from the mere conception of 
succession of events, proves that such a conception is 
fer from containing the whole import and signification 
of our Idea of Cause. 

The progress of the opinions of philosophers on the 
points discussed in this chapter, has been one of the 
most remarkable parts of the history of Metaphysics in 
modem times : and I shall therefore briefly notice some 
of its features. 



VOL. I. 



1 r|^lWAKDS the end of the sev^teentb centoiy 
1 tlicrn existed in the minds of waDj of the moet 
)i|jiiiiiiu null active speculators of the European lite- 
faO i'"''''li " ctrong tendeDiy to ascribe the whide of 
intr KlUFwlcdge to the teachmg of Experience. This 
(«iliiltiti<7> with its coitaeqnences, inclndiiig amoDg them 
(Ihi r>aH^i"n which wits produced when the tenet had 
tit«Ni irfinhivl to a length manifestly abeoni, has exer^ 
bHiiiI « very powerful influence upon the progress of 
lliii(«('hy«ical doctrines up to the present time. 1 pro- 
iftml Vi DCitice some of the most prominent of the 
irtiiniitum which have thus obtained prevalence among 
pIiiliiBophers, so &jr as the Idea of Canise is concerned. 

I/^lce was one of the metaphysiciaas 'who prodoced 
iiifl greatest effect in diffusing this opimon, of the ex- 
(tlunve dependence of our knowledge upon experience. 
Agreeably to this general system, he taught' that our 
ttloM of Canse and Effect are got from observatioa of 
th« things about us. Yet notwithstanding this tenet 
of his, he endeATOured still to employ these ideas ii 



t)t experience : tor h 



I subjects which are &ir beyond all limits 



to prove, from our idea 



<>f Causation, the existence of the Deity*. 

Hume noticed this obvioi^ inconastency ; but de- 
clared himself unable to discover any reme<fy fi«r a 
. defect so &tal to the most important parts of our 
Te could see, in our belief of the suc- 
e and effect, nothing but the habit of 
r minds what had often been asso- 
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oiated in our experience. He therefore maintained 
that we could not, with logical propriety, extend our 
belief of such a succession to cases entirely distinct 
from all those of which our experience consisted. We 
Bee, be said, an actual eonjuneiion of two evente; but 
we can in no way detect a necessary connexion; and 
: have no meaufl of inferring cause from 
r efl'eot from oauae'. The only way in which 
fl Cause and Effect in the field of our ex- 
perience, is as an viufailing Sequence : we look in vain 
for anything which can assure us of an infeUible Con- 
sequence. And since experience is the only source of 
our knowledge, we cannot with any justice assert that 
the world in which we live must necessarily have had 

2. This doctrine, token in conjvmction with the 
known skepticism of its author on religious points, 
produced a considerable fermentation in the specula- 
tive world. The solution of tLe difficulty thus thrown 
before philosophers, was by no means obvious. It was 
vain to endeavour to find in experience any other 
property of a Cause, than a constant sequence of the 
effect. Yet it was equally vain to try to persuade men 
that they had no idea of Cause ; or even to shake their 
belief in the cogency of the familiar arguments con- 
cerning the necessity of an original cause of all tliat is 
and happens. Accordingly these hostile and appa- 
rently irreconcilable doctrines, — the indispensable ne- 
cessity of a cause of every event, and the impossibility 
of our knowing such a necessity, — were at last allowed 
to encamp side by side. Eeid, Beattie, and others, 
formed one party, who showed how widely and con- 
stantly the idea of a cause pervades all the processes of 
the human mind ; while another sect, including Brown, 
and apparently Stewarti, maintained that this idea is 
always capable of being resolved into a constant se- 
quence ; and these latter reaaoners tried to obviate the 
dangerous and shocking inferences which some persons 
might try to draw from their opinion, by declaring the 
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maidin that " EJvery event niBst have a cause," to be 
an instinctive law of belief, or a fundamental principle 
of the human mind'. 

3. While this seriea of discuaaons was going on in 
Britain, & great aietaphyaical genius in Germany wias 
unravelling the perplexity in another vay. Eant'a 
speculations originated, as he Informix us, in the trains 
of thought to which Hume's writings gave rise; and 
the Kritilc der Reinea Vernuafi, or £xami7iation of 
the Pure Reason, was published in 1787, with the view 
of showing the true nature of our knowledge. 

Kant'e solution of the difficulties just mentioned 
differs materially from that above stated. According 
to Brown', succession obaerved and cause inferred, — 
the memory of past conjunctions of events and the 
belief of similar future conjunctions, — are facts, inde- 
pendent, BO far as we can discover, but inseparably 
com.bined by a law of our mental nature. According 
to Eant, causality is an inseparable condition of our 
experience ; a connexion in events is requisite to our 
apprehending them as eveiita. Future occurrences 
must be connected by causation as the past have been, 
because we cannot think of past, present, and future, 
without such connexion. We cannot fix the mind 
upon occurrences, without including these occurrences 
in a series of causes and efieots. The relation of Causa- 
tion is a condition under which we think of events, 
as the relations of space are a condition under which 
we see objects. 

4. On a subject so abstruse, it ia not easy to make 
our distinctions veiy clear. Some of Brown's illustra- 
tions appear to approach very near to the doctrine of 
Eant. Thus he says', ' The form of bodies is the 
relation of their elements ta each other in space, — the 
power of bodies is their relation to each other in tima' 
Yet notwithstanding such approximations in expres- 
sion, the Kantian doctrine appears to be different from 



the views of Stewart and Brown, as commonly under- 
stood. According to ihe Scotoh philosophers, the 
cause and the efi'eot are two thingB, connected in our 
minds by a, law of our nature. But thia view requires 
ua to suppose that we can conceive the law to be ab- 
sent, and the course of events to bo unconnected. If 
we can imdeifftand what ia the special force of this 
law, we must be able to imagine what the case would 
be if the law were non-existing. We must be able to 
conceive a mind which does not connect effects with 
causes. The Kantian doctrine, on the other hand, 
teaches that we cannot imagine events liberated Irom 
the connexion of cause and effect : this connexion is a 
condition of our conceiving any real occurrences : we 
cannot think of a real sequence of things, except as in- 
volving the operation of causes. In the Scotch system, 
the past and the future are in their nature independent, 
but bound together by a rule; in the German system, 
they share in a common nature and mutual reiation, 
by the act of thought which makes them past and 
fiiture. In the former doctrine cause is a tie which 
binds; in the latter it ia a character which pervades 
and shapes events. The Scotch metaphysiciana only 
assert the universality of the relation; tbe German 
attempts fiirther to explain its necessity. 

This being the state of the case, such illustrations 
as that of Dr. Brown quoted above, in which he repre- 
sents cause as a rdatioa of the same kind with ^orm, 
do not appear exactly to fit his opinions. Can the re- 
lations of figure be properly said to be connected with 
each other by a law of our nature, or a tendency of our 
mental constitution) Cwi we ascribe it to a law of our 
thoughts, that we believe the three angles of a triangle 
to be equal to two right anglesi If so, we ranst give 
the same reason for our belief that two straight lines 
cannot inclose a space; or that three and two are five. 
But will any one refer us to an ultimate law of our 
constitution for the belief that three and two are five? 
Do we not see that they are bo, as plainly as we see 
that they are three and two) Can we imagine laws of 
our constitution abolished, bo that three and two shall 
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make Bometbing different from five; — bo that an in- 
closed space ahall lie between two straight linos; — so 
that the three angles of a plane triangle shall be 
greater than, two right angles? We cannot conceive 
this. If the numbera are three and two ; if the lines 
ore straight; if the triangle is a rectilinear triangle, 
the conaequenceB are inevitabla We cannot even 
imagine the contraiy. We do not want ii law to direct 
that things should be what thej are. The relation, 
then, of cause and effect, being of the same kind as 
the necessary relationa of figure and number, ia not 
properly apoken of as established in our minda by a 
Hpecial law of our constitution : for we reject that loose 
and inappropriate phraseology which speaks of the 
relations of figure and number as ' determined by laws 
of belief 

5. In the present work, we accept and adopt, as 
the basis of our inquiry concerning our knowledge, the 
existence of necesaary truths concerning causes, as 
there exist necessary truths concerning figure and 
number. We find such truths universally established 
and assented to among the cultivators of science, and 
among speculative men in general. All mechanicians 
agree that reaction ia equal and opposite to action, 
both when one body presses another, and when one 
body commtmicatea motion to another. All reasonera 
join in the assertion, not only that every observed 
change of motioH has had a cause, but that every 
change of motion must have a cause. Here we have 
certain portions of substantial and undoubted know- 
ledge. Now the essential point in the view whicli we 
must take of the idea of cause ia this, — that our view 
muat be such as to form a solid basia for our know- 
ledge. We have, in the Mechanical Sciences, certain 
universal and necessary truths on the subject of causes. 
Now any view which refers our belief in causation to 
mere experience or habit, cannot explain the possi- 
bility of such necessary truths, since experience and 
habit can never lead to a perception of necessary con- 
nexion. But a view which teaches us to acknowledge 
axioms concerning cause, as we acknowledge axioms 




coDceming apace, will lead ua to look upon the science 
of mechanics aa equally certain and universal with the 
science of geometiy; and will thus materially affect 
our judgment concerning the nature and claims of our 
scientific knowledge. 

Axioms conaeming Cause, or concerning Force, 
which as we shall see, is a modification of Cause, will 
flow fi-om an Idea of Cause, just as axioms concerning 
space and number flow &om the ideas of apace and 
number or time. And thus the propositions which 
constitute the science of Mechanics prove that we pos- 
sess an idea of cause, in the same sense in which the 
propositions of geometry and arithmetic prove o 
session of the ideas of space and of time or num 

6. The idea of cause, lite the ideas of space and 
time, ia a part of the active powers of the mind. The 
relation of cause and effect is a relation or condition 
under which events are apprehended, which relation is 
not given by observation, but supplied by the mind 
itself According to the viewa which explain our ap- 
prehension of cause by reference to habit, or to a sup- 
posed law of our mental natttre, causal connexion is 
a consequence of agencies which the mind passively 
obeys ; but according to the view to which we are led, 
this connexion is a result of faculties which the mind 
actively exercises. And thus the relation of cause and 
effect is a condition of our apprehending successive 
events, a part of the mind's constant and universal ac- 
tivity, a source of necessary truths ; or, to sum all this 
in one phrase, a Fundamental Idea. 



CHAPTER IV. 



I. Cauaeg are abatraei Conixpliotu. — We hare now 
to express, an veil as we can, the fundamental chanc- 
ter of that Idea of Cause of which we have just praved 
Ute exiateoce. This may be done, at least for porpoees 
ot reaaoning, id this aa in former instances, by means 
of axioms. I shall state the principal axioms which 
belong to thin subject, referring the reader to lus own 
ttiODghta for the axiomatic evidence which belongs to 
them. 

But I must first observe, that in order to express 
general and nbstract truths concerning cause and effect, 
these terms, eaii»e and ejffkct, must be understood in a 
general and abstract manner. When one event gives rise 
to another, the first event is, in common language, often 
called the cause, and the second the effect. Thus the 
meeting of two billiard-balls may be said to be the 
cause of one of them turning aside out of the path in 
which it was moving. For our present purposes, how- 
erer, we niust not apply the term cause to such occur- 
rences aa thin meeting and turning, but to a certain 
conception, _^»rcfl, abstracted fi^m all such special events, 
and considered as a quality or property by which one 
body afiectiB the motion of the oUier. And in like man- 
ner in other ca^es, cause is to be conceived aa some 
abstract quality, power, or efficacy, by which chaaige is 
produced ; a quality not identical with the events, but 
disclosed by means of them. Kot only ia this abstract 
mode of conceiving force and cause useiul in expressing 
the fundamental piinciples of science; but it supplies 
UH with the only mode by which such pi-inciples can be 
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Htated in a general maimer, and made to lead to Hub- 
atantial trutL and real knowledge. 

Underatunding cause, therelbre, in this sense, we 
proceed to our Aiioms, 

2. First Axiom. Nothing can take place vsithovt a 
Cause. 

Every event, of whatever kind, must have a cause in 
the Hense of the term which we have just indicated ; and 
that it must, is a universal and necessaiy proposition to 
which we irresistibly assent as soon as it is understood. 
We believe each appearance to come into existence, — 
we conceive every chajige to take place, — not only with 
something preceding it, hut something by which it is 
made to be what it is. An effect without a cause;— 
an event without a preceding condition involving the 
efficacy by which the event is produced ; — are supposi- 
tiona which we cannot for a moment admit. That the 
connexion of effect with cause ia universal and neces- 
sary, is a universal and conabint conviction of man- 
kind. It persists in the minds of all men, undisturbed 
by all the assaults of sophistry and skepticism ; and, as 
we have seen in the last chapter, remains unshaken, 
even when its foimdationB seem to be mined. This 
axiom expresses, to a certain extent, our Idea of Cause ; 
and when that idea is clearly apprehended, the axiom 
requires no proof, and indeed admits of none which 
makes it more evident. That notwithstanding its sim- 
plicity, it is of use in our speculations, we shall here- 
after see; but in the first place, we must consider the 
other axioms belonging to this subject. 

3. Second Axiom. Effi(Aa are proportional to their 
Cauiea, and Causes are measured hy t/ieir Effects. 

We have already said that cause is that quality or 
power, in the circumstances of each case, by which the 
effect is produced ; and this power, an abstract property 
of the condition of things to which it belongs, can in 
no way fell directly under the cognizance of the senses. 
Cause, of whatever kind, is not apprehended as in- 
cluding objects and events which share its nature by 
being co-extenaive with certain portions of it, as space 
and time are. It cannot therefore, like them, be 




ISOPHT or THE MECHANICAL SCIEKOES. 



by repetition of its oim parts, as space is 
by repetition of inches, and time by rqietition 
of minntes. Causes may be greater or less; as, for iu- 
stance, the force of a man is greater than the force of 
a child. But how much is the one greater than l^e 
other? How are we to compare the abstract concep- 
tion, forcf^ in such cases as these! 

To this, the obvious and ouly answer is, that we most 
compare causes by means of their effects ; — that we mnst 
compare force by something which force can do. The 
child can lift one &got; the man can lift ten such 
fiigots: we have here a means of comparison. And 
whether or not the rule is to be applied in thia maimer, 
that ia, by the number of thin^ operated on, (a ques- 
tion which we shall have to consider hereafter,) it is 
clear that this form of rule, namely, a reference to some 
effect or other as onr measure, is the right, because the 
only possible form. The cause determines the effect 
The cause being the same, the effect mnst be the same. 
The connexion of the two is governed by a fixed and 
inviolable rule. It admits of no ambiguity. Every 
decree of intensity in the cause has some peculiar modi- 
fication of the effect corresponding to it Hence tjie 
effect is an unfailing index of the amount of the cause ; 
and if it be a measurable effect, gives a measure of the 
cause. We can have no other measure; but we need 
no other, for this is exact, sufficient and complete. 

It may be said, that various effects are produced by 
the same cause. The sun's heat melts wax and eiqiands 
quicksilver. The force of gravity causes bodies to more 
downwards if they are free, and to press down upon 
their supports ii' they are supported. Which of the 
effects is to be taken as the measure of heat, or of 
gravity, in these casesi' To this we reply, that if we 
had merely different states of the same cause to com- 
pare, any of the effects might be taken. The sun's 
heat on different days might be measured by the ex- 
pansion of quicksilver, or by the quantity of wax 
melted. The force of gravity, il' it were different at 
different places, might be measured by the spaces 
through which a given weight would bend an elustic 
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support, or by the spaces through which 
would fall in a given time. AU these laeasi; 
consistent with the general character of o\a idea of 

4, Limitation of the Second Axdoiii. — But there may 
be circumstances in the nature of the case which may 
fiuiher determine the kind of effect which we must 
btke for the measure of the cause. For example, if 
causes are conceived to be of auch a nature aa to be 
capable of addition, the effects taken as their measure 
must conform to this condition. This is the case with 
mechanical caoses. The weights of two bodies are the 
causes of the pressure which they exert downwards; 
and these weights are capable of addition. The weight 
of the two is the sum of the weight of each. We are 
therefore not at liberty to say that weights shall be 
measured by the spaces through which they bend a 
certain dastic support, except we have first aaoer- 
tained that the whole weight bends it through a space 
equal to the sum of the inflections produced by the 
sepai-ate weights. Without this precaution, wo might 
obtain inconsistent results. Two weights, each of 
the magnitude 3 as measured by their effects, might, 
if we took the inflections of a spring for the effects, 
be together equal to ,^ or to 7 by the same kind of 
measurement. For the inflection produced by two 
weights of 3 might, for aught we can. see beforehand, 
he more or less than twice as great as the inflection 
produced by one weight of 3. That forces are capable 
of addition, is a condition which limits, and, as we 
shall see, in some cases rigorously fixes, the kind of 
effects which are to be talien as their measures. 

Causes which are thus capable of addition are to be 
measured by the repeated addition of equal quantities. 
Two such causes are eqval to each other when they 
produce exactly the same eft'ect. So far our axiom is 
applied directly. But these two causes can be added 
together ; and being thus added, they are double of one 
of them ; and the cause composed by addition of three 
such, is three times as great as the first ; and so on for 
any meaaure whatever. By this means, and by tltig 
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m^ADi' only, we have a. complete and coiisiat«Dt oiea- 
sare of those canses which are so conceived as to be 
Bobject to this conditioD of being added and mnltiplied- 

CauBes are, in the present chapter, to be anderstood 
in the widest sense of the term ; and the axiom now 
nnder our consideration applies to tliem, whenever 
titfy are of such a nature as to a^lmit of any measure 
at alL But the cases which we have more particularlj 
in view are Tnechanical causes, the causes of the motion 
and of the equilibrium of bodies. In these cases, forces 
are conceiv*^ as capable of addition; and what has 
been said of the measure of causes ia such cases, ap- 
plies peculiuj-lj to mechanical forces. Two weights, 
placed ti^ether, may be considered as a single weight, 
equal to the gum of the two. Two pressures, puslung 
a body in the same direction, at the same point, are 
identical in all respects with some single pressure, their 
gvm, pushing in liie mumer; and this is true whether 
or not they put the body in motion. In the cases of 
mechanical forces, therefore, we take some certain 
effect, velocity generated or weight supported, which 
may fix the unit of force; and we then measure all 
other forces by the successive repetition of this unit^ 
as we measure all spacss by the successive repetition of 
our unit of lineal measure. 

But these steps in the formation of the science of 
Mechanics will be further explained, when we come to 
follow our axioms conceming c 
cation in that science. At presi 
sufficiently explained the axioi 
Bored by their effects, and we 
axiom, also of great iniportanc& 

5. Third Axiom. Reaction i 
to Action. 

In the caae of mechanical forces, the action of a 
cause often takes place by an operation of one body 
upon another; and in this case, the action is always 
and inevitably accompanied by on opposite action. If 
I press a stone with my hand, the stone presses my 
hand in return. If one ball strike another and put it 
in motion, the second bail diminishes the motion of 
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the first. In these cases the operation ia mutual ; the 
Action is accompanied by a Reaction, And in all 
guch cases the Reaction is a force of exactly the samti 
nature as the Action, exerted in an opposite direction. 
A pressure exerted upon a body at rest is resisted and 
balanced by another pressure; when the pressure of 
one body puts another in motion, the body, though it 
yields to the force, nerorthelees exerts upon the press- 
ing body a force like that which it suffers. 

Kow the axiom asserts further, that this Beaction 
is eyual, aa well as oppoaije, to the Action. For the 
E«actiou is an effect of the Action, and is determined 
by it. And since the two. Action and Beaetion, are 
forces of the same nature, each may be considered as 
cause and as effect; and they must, therefore, deter- 
mine each other by a common rule. But this con- 
sideration leads necessarily to their equality: for since 
the rule ia mutual, if we could for an instant suppose 
the Reaction to be less than the Action, we must, by 
the same rule, suppose the Action to be less than the 
Reaction. And thus Action and Reaction, in every 
such case, are rigorously equsi to each other. 

It is easily seen that this axiom is not a proposition 
which is, or can be, proved by experience ; but that its 
truth is anterior to special observation, and depends 
on our conception of Action and Beaction. Like oiu- 
other axioms, this has its source in an Idea ; namely, 
the Idea of Cause, under that particular condition in 
which cause and effect are mutual. The necessary and 
universal truth which we cannot help ascribing to the 
axiom, shows that it is not derived from the stores of 
experience, which can never contain truths of this 
character. Accordingly, it was asserted with equal 
confidence and geneiality by those who did not refer 
to experience for their principles, and by those who 
did. Leonicus TomKus, a commentator of Aristotle, 
whose work was published in 155a, and therefore at a 
period when no right opinions concerning mechanical 
reaction were current, at least in his school, saya, in 
his remarks on the Author's Questiona concerning the 
communication of motion, that ' Reaction is equal and 
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contrary to Action.' The siime principle was t&ken 
(or granted by all partjea, in all ihe controvereies c 
cerning the proper measure uf force, of whicli we ah&U 
have to epeak : and would be rigoiioualy true, aa a law 
of motion, whichever of the rival ioterpretatioua c " 
the measure of the term ' Action' we were to take. 

6. Extent of the Third Axiom It may naturally 

be asked whether this third Ajxiom respecting cansa^ 
tioQ extends to any other cases than those of mechani- 
cal action, since the notion of Cause in general has 
certainly a much wider extent For instance, when 
a hot body heats a cold one, is there necessarily an 
equal reaction of the second body upon the first? Does 
the snowball cool the boy's hand exactly as much as 
the hand heats the snow? To this we reply, t^t^ 
in evety case in which one body acts upon another by 
its physical qualities, there must tie some reaction. 
No body can affect another without being itself also 
affected. But in any physical change the aetioa, ex- 
erted is an abstract term which may be vftriouaiy 
understood. The hot hand may mdt a cool body, or 
may warm it : which kind of effect is to be taken aa 
action 1 This remains to be determined by other con- 
Biderations. 

In all cases of physical change produced by one body 
in another, it is generally possible to asmme such a 
meaning of action, that the reaction shall be of the 
same nature aa the action; and when this is done, the 
third axiom of causation, that reaction is equal to 
action, is nnirersaJly true. Thus if a hot body heat a 
cold one, the change may be conceived as the traoefer 
of a certain substance, heat or ealoric, from the first 
body to the second. On this supposition, the first 
body lotei just as much heat as the other gains; action 
and reaction are equal. But if the reaction be of a 
different kind to the action we can no longer apply the 
axiom, If a hot body ■melt a cold one, the latter eooU 
the former : here, then, is reaction j but so long as the 
action and reaction are stated in this form, we cannot 
assert any equality between them. 

In treating of die secondary mechanical sciences, we 
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ahal! see further in wLat way we may conceive the 
physical action of one body upon another, so that the 
same axioms wliich are the basis of the science of 
Mechamcs shaU apply to changes not at first sight 
manifestly mechanical. 

The three axioms of causation which we have now 
stated are the fundament^ maxima of aU reasoning 
concerning causes as to their quantities; and it will be 
shown in the sequel that theae axioms form the basia 
of the science of Mechanics, determining its ioiia, ex- 
tent, and certainty. We must, however, in the first 
place, consider how we acquire those conceptions upon 
which the axioms now established are to be employed. 

[2d Ed.] [The Axiom that Reactim is equal and 
opposite to Action; may appear to be at variance with 
a innvim concerning Cause which is commonly current ; 
namely, that the ' Cauae precedes Efl'ect, and Effect fol- 
lows Cause.' For it may be said, if A, the Action, and 
S, the Reaction, can be considered as mutually the cause 
of each other, A must precede Jt, and yet must follow 
it, wliich is impossible. But to this I reply, that in 
those cases of direct Causation to which tie maxim 
applies, the Cause and Effect are not successive, but 
simultaneous. If I press against some obstacle, the 
obstacle resists and returns the pressure at the instant 
it ia exerted, not after any interval of time, however 
small The common maxim, that the effect follows the 
cause, has arisen from the practice of considering, as 
examples of cause and effect, not instantaneous forces 
or causes, and the instantaneous changes which they 
produce ; but taking, instead of this latter, the cmtjim- 
lalive effects produced in the course of tim.e, and com- 
pared with tike results occurring without the actioij of 
the cause. Thus, if we alter the length of a clock-pen- 
dulum, this change produces, as its effect, a subsequent 
change of rate in the clock : because the rate is mea- 
sured by the accumulated effects of the pendulum's 
gravity, before and after the change. But the pendu- 
lum produces its mechanical effect upon the escape- 
ment, at the moment of its contact, and each wheel 
upon the next, at the m.ameat of its contact As has 



boon aaid in a Review of tiiis work, ' The time lost L 
Kasee of indirect pbifsical causation is consumed ij 
movements which take place among the parta of the 
Btechanism in action, by which the active forces so 
transformed into momentum are transported over in- 
tervals of space to new points of action, the motion of 
matter in such cases being regarded as a mere canier 
of force.' (Quarterly Rev. No. cxnv. p. 2ii.) 

This subject I have further treated in the Meinoirs 
o/^ie Cambridge PhUoaophical Society, voL viL part iii.] 
[In this Third Edition I add this discussion.] 

Diieiutiim c/ the Qtteilim: — Art CauK and Sgeet MMstnM 



I KIVB at variotu times laJd beforo 
on iba metaphjirical {^^unds and elentc 
cspecuU; an the roaadatioDS of the aciei 
■pflCulalJODS liave not failed to excite 
and elsBwhere, I am tempted to bring fi 
some additionat diaquiaitioDB of the be 

that Buch Butijects are Dot suppoBed t 
tar the geoeraJ reader ; fur I n 



this Society djssertationi 
its of onr knowledge, and 
[» of mecbaoicB. Astbese 
iome attentioD, both here 
rward in the samemaaiier 
ae Idnd. Indeed, the im- 
r is of itself an evidenoe 
be without their iatereet 
the views and reasoningii 
which I am now about to la; before the Societj, by some rsmarlu 
in one of our most popular KeviewB, (T/ie Quarifrly Hevitw, 
Article an the Hiilory and Philtaopky of the I-nduetive Saiaicei, 
June 184.1). A writer of singular acutaueBS and comprahanBive- 
nsBB of view has there mads remarks upon the doctrines which 
I had delivered in the Philotophy of Ae Indttctim Ecieneel, 
which remarka appear io me in the highest degree inatructive 
and philosophical. I am not, however, going hers to discoas 
folly the dootrines contained in tbifl critjqae. With respect to its 
general tendency, I will only observe, chat the author does net 
accept, in the farm in which I bad given it, the account of the 
origin and ground of neceaaarj and oniyersal truths. I had 
stated that our kno^rledge is derived from SeuBations and Ideas; 
and that Ideas, which are the conditions of pcrceptionj such as 
tpace, time, likejum, eaute, make universal and necessaiy know- 
ledge possible ; whereas, if knowledge were derived from Sensa- 
UoD alone, it could not have those characters. 1 1 
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enamorateii a long series of Fundamental Iiieaa as the basca of a 
corresponding series of BciencOB, of wLicb soienoea I liave shown 
also, b; an historical survey, that the; cluim to possess uniTersal 
truths, and have their cl^ms allowed. I have gone forther; for 
I have stated the Axioms which flow from these Fundamental 
Ideas, atid which are the logical grounds of necessity and uiiiver- 
Bality in the truths of each science, when the science is presented 
in the farm of a demonslraled system. The Reviewer does not 
assent to this doctrine, nor to the argument by which it is sup- 
ported; namely, that Experience cannot lead to universal truths, 
except by means of a universal Idea supplied by the mind, and 
infused into the particular facta which observation ministers. 
He eonaiders that the existence of universal truths in our know- 
ledge may be explained otherwise. He holds that it is a suffici- 
ent account of the matter to say that We pass from special expe- 
riBQCB to nniveraal truth in virtue of ' the inductive propensity — 
the irresistible impulse of the mind to generalize ad injfniliMn.' 
I shall not hora dwell upon very strong reaaons which may be 
assigned, as I conceive, for not accepting this as a fiiU and satis- 
factory explanation of the difficulty. Instead of doing so, I 
shall here content myself with remarking, that even if we adopt 
the Reviewer's cipreasions, we must still contend that there are 
different formt of the irapuhe of the mind to generalize, correspond- 
ing to each of the Fundamental Ideas of oar system. These 
Fundamental Ideas, if they be nothing else, must at least be 
accepted as a classification of the modes of action of the Induc- 
tiva Propensity, — as so many different paths and tendencies of 
the Generalizing Impulse ; and the AMoma which I have stated 
as the express results of the Fundamental Ideas, and as the steps 
by which those Ideas make universal truths possible, are still no 
loss worthy of notice, if they are stated as the results of our 
Generaliring Impulse; and as the steps by which that Impulse, 
in its many various forms, makes universal truths possible. The 
Generalising Impulse in that operation by which it leails us to 
the Axioms of Geometry, and to those of Mechanics, takes very 
different courses ; and these courses may well deserve to he sepa- 
rately studied. And perhaps, even if we accept this view of 
the philosophy of our knowledge, no simpler or clearer way can 
be found of descHbing and distinguishing these fundamentally 
different operationB of the Inductive Propensity, than by saying, 
VOL. I. O 



TUa thea Imi^ tn^entood, mjpnnat otgact is to r naaiw 
■one v«rr nniartaUi^ and, an ^ipon tome, novel news <{ Ob 
Idea rf C«Me wfaiidi the Benewer propooDd*. And tbe>B majr 
ba beat bnnglit nnier onr dianwioa bj conrndering than >■ an 
■tlonpt to aidTe the qmstim, Wbetlm, uswding t« our Amda- 
OMota] a[^irdiennoiia of the relation of Cause and tSed, tdfact 
lidlom caoie in the order of lime, or ia niniiltk&eoaG with it. 

At firet «gbt, tbia question maj hbeib to be completely deoded 
hj our fundamental eonnctioita reapec^g cange and effect, and 
bj the uiimia whidi ha*e been propounded by almost all writara, 
and have obtained nnifenal ctnroiGy among rea8on«a on thia 
•nbject. lliat the canae moat pnoede the e^ct,— that the a^ct 
miHt follow the caoae, — are, iC might im in. self-evident tnith% 
aaaumed and BHEnted to by all petwuu in bU reaaoningi in which 
thoae notiona occur. Such a docb-ina is commonly aaserted in 
geneial t^rma, and aeema to be Ttrified in all the i^ipJicatAOna 
of the idea of csoBe. A heavy body producea motion by ita 
weight ; the motion prodoced ia Bubseqaent in time to the prea- 
anre which the wtnght exerts. In a machine, bodiee poA or 
strike each other, and bo produce a aeriea of motjons ; each motion, 
in this case, is the reeutt of the motions and configurations which 
have preceded it. The whole aeriea of Bueh motions employs 
time ; and this time is filled up and measured b; the seiieB at 
causes and effecU, the efiecta heiag, in their turn, causes of other 
effects. This is the common mode of apprehending the universal 
course of events, in which the cbun of causation, and the pro- 
gress of time, are contemplated as each the necessary oondition 
and accompnniment of the other. 

But this, the Critic remarks, is'not true lu dinrt cansatjan. 'If 
the antecedence and consequence in question be understood as the 
interposition of an interval of time, however small, between the 
action of the cause and the production of the effect, we regard it 
as inadmissible. In the production of motion by force, for in- 
stance, though the effect be cumulative with continued exeriion 
of the canae, yet each elementary or individual action ia, to our 
apprehension, imiaiiler accompanied with ita corresponding inor 
mcnt of momentum in the body moved. In all dynamical re 
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sonings no one has evar thought of iDterjioaing an inatsjit of time 
between the action and Its resulting guomeatum; dot does it 
appear Decaemry.' Tliia is bo evident, that it appeaca strange it 
ehoald have the air of noveltj; Tet, bo far as X am aware, the 
matter has nerer before been put in the same point of view. But 
this being the case, the question occurs, how it is that t^rae aeemi 
to be employed in the progress from cause to effect! Haw is it 
that the opinion of the eSect 1>eiDg anbaflquent to the cause has 
gBnerally obtained] And to thia the Critic's answer is obrious; — 
it is so in casea of indirect or of camulaHm effect. If a ball A 
strikes another, B, and puts it in motion, and B strHtea V, and 
puts it in motion, A'b impact may tic considered aa the cauBe, 
though not the direct cause, of C's motion. Now time, namely 
the time of ^s motiou after it is struok by A, and before it 
strikes 0, int^rvenea between ^'s impact and the beginning of 
C^B motion: that ia, between the cause and its effect. In this 
sense, the effect is subsequent to the cause. Again, if a body bs 
put in motJon by a aeriea of impulaea acting at finite intervals of 
time, all in the same direction, the motion at the end of all these 
intervala ia the effect of all the impulses, and exists aJter they 
have all acted. It ia the accumulated effect, and anhaequent to 
each aeparate action of the canBO. But in tbis case, each impulse 
produces its effect instantaneously, and the time ia employed, not 
in the trauaition from any cause to its effect, but in the intervals 
between the action of the several causes, during which intervals 
the body goes on with the velocity already communicated to it. 
In each impulae, force produces motion : and the motion goes on 
till a new change takes place, by the same kind of action. The 
force may be said, in the language employed by the Critic, to ba 
transformed into momentum; and in the BUCcesBiye impulses, 
Buecessive portions of force are thus transformed; while in the 
intorvoning intflrvale, the force thus transformed into momentum 
is carried by the body from one place to another, where a new 
change awaits it. ' The cause is absorbed and tranaformsd into 
effect, and therein treasured up.' Heuce, aa the Writer aaya, 'The 
time lost in cases of indlreot physical cauaation is that conaumed 
in the movements which take place among the parts of the 
mechanism set in action, by which the aotive forces so trans- 
formed into mechaniam are transported over intervala of space to 
new points of action, the motion of matter in such caaea being 
02 
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i^irdcd as a mere canier of forac': — and wben toree i» directlj 
eoootenctcd bj force, tbetr matoal deatraction s 
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Wo c 



re birdlj nmt hii condimon, that men hare bn 
g leqiiaioe aa a featim in tlw relaticn of c 
we nuj raxlil; immt to hia auggcstioD, that i 
Wben obaerred, ja to be held u a aare indicat 
prctioD, aromnpanicd with a movement of parti. 

Bat jet if we turn for a moment to other kindi of i 

in to be Dompelled at ever; step to recognize the troth of 
lal maxim npon thia lalject, tliat eflects are sulHeqnent to 
la not poiaoD, takeo at a certain moment, tlie cause of 
-diaorder and death wliich fidlow at a wiMfueiil period ! Ii not a 
man's laiiy prudence often the caoae of his prospcnt; in lalar 
life, and bl> foil;, thongh for a moment it ma; prodoce gratifica- 
tion, finally the cause of his mint And even in tlie eate of 
mechaniam. if, in a clock which goes rightly, we alter Ibe length 
of the pendulum, ia not this alteration the cause of an aJteratioii 
which afleraard* takes place in the rate of the clock's goingt 
Are Dot all theae, and inaumerahle other cases, instances in which 
the amal notion of the effect following the caoee is verified! and 
are thej not irrcconcileable with the new doctrine of cause and 
effect being simnltaneoua 1 

In order to disentangle thia apparent confusion, let as first con- 
lider the case last mentioned, of a clock, in wliicb some alteration 
is made which afiects the rate of going. 

So long aa the parts of the clock renuun unaltered, its rate will 
remain unaltered ; and an;^ part which ia considered aa capable of 
•Iteration, may be consiilered aa, if we pleaae, the caase of the 
f Ssaltered rate, b; Iwing itself unaltered. But we do not usually 
Introduce the positive idea of cause, to correspond with this n^a- 
tion of dumge. If we apeak of the rata as unaltered, we may 
also say that it is bo liecause there is no caiae of alteration. The 
trteady rale is tbe indication of the absence of any canae of 
alteration ; and the rate of going meaaures the progress of time, 
in a Btate of things in which causes of change are thus excluded. 
If aD slleration takes place in any part of the clock, once for 
all, the rate is altered ; but tbe oew mte is steady aa tba old rate 
was, and, like it, measures the uniform progress of time. But 
the differenco between the new fata and the old is occasioned by 
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tiia differenco of tha parts of the clock ; and the new rata may 
very properly be said to be cauaod by the changa of the parts, 
and to be Bubsequeat to it : for it doss prev^ after the change, 
and does not prevail before. 

But how is this view to be reconciled with Hie one just quoted 
from the Reviewer, atid, as it appeared, satisfactorily proved 
by him ; according to wbiob all mechanical effects are aimul- 
tajieouB with their causes, and not aubeequcnt to theml We 
have here the two vien-a in close contact, and in seeming oppo- 

ition ; and those 

I the form and 

ich of the forces 

thus exerted at any instant produces its efiect at the same 



In the going of a clock, the parts a 
otions are det?rrained by fercoa ariai 
parts of the mechani 



and thus, so far as the term cause rofera to such 
s forces, the cause and the effect are aimultaneoua, 
But If such inatantaneouB forcea act at successive intervals of 
time, the motion during each interval is unaltered, and by its 
uniform progress measures the progress of time. And thus the 
motion of the machine consists of a series of intervals, during 
eacb of which the motion is uniform, and measures the time; 
separated from each other by a series of changes, at each of 
which the change measures the instantaneous force, and ia simul- 
taneous with it. And if, in this case, wo suppose, at any point 
of time, the instantaneona forces to cense, the succession of them 
being terminated, from that point of time the motion would be 
uniform. And since the rate of the motion in euch interval 
of time ia determined by the instantaneous force which last 
acted and hy the preceding motion, the rate of the motion ia 
each interval of time is determined by all the preceding iiistan- 
tanooua forces. Hence, when the series of inatantaneoua foroes 
stops, the rate at which the motion goes on permanently, from 
tliat point of time, is determined hy the antecedent series of 
such forces, which series may he considered as an aggregate 



cause ; and hence 
mined by the 

Thus we obtMn, 
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(aneous with the 



. appears, that the pemuinent effect 






The inst&ntaneou 



this a< 



e tha 



n of the difficulty which 
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prodnced. Bat if w« consider ■ series of such i 
forces BS a single a^regste cause, and the SdOiI condition a 
a permanent effect of this csnse, the effect in sabaeqaenb to 
the cause. In this case, the canse is immediately succeeded 
by the effect. The cauae acta in time ; the effect goes OD in 
time. The times occupied by the cause and by the efiect mooaed 
a>cb other, tbe one ending at tlie point of time st wliicb the 
other begins. But the time which the cause occupies is raDy 
compoaed of a series of inatonts of uniform motion interposed 
Ijetween instaotaneauB forces; and during the time that tins 
series of causes is going on, to make up the i^gregate cause, 
w, seri^ of efiscts is going on to moke up the final effect. There 
is a progressive cause and a. pcogTeaeiTB effect Vihich go on 
together, and occupy tbe some finite time; and this umultoneous 
progreaaion is composed of all the simultaneous instantaneous 
steps of cause and effect. The i^gregale cauae is the sum of 
tlie progreesion of causes; the Gnal effect ia the last term of 
the progression of efiecta. At each atep, aa the Iteviewer Bays, 
cuise is transformed into effect; and it is treasured up in the 
results during the intermediate intervals ; and the time occupied 
ia not the tjme which intervenes hetweea cause and efieet at each 
step, hut the time which intervenes between these tronaforma- 

I have supposed forces to act at distinct instants, and to cease 
to act iu the intervals between ; and then, the aggregate of snch 
intervals to make op a finite time, during which on aggregate 
force acta. But if the action of the force be rigorously con- 
tinuous, it will easily be seen that all the consequences hb to 
cause and effect wiU be the some ; the diacontitiuous action 1»ing 
merely the naua! artifice by which, in mathematical reaaoninga, 
vre obtain resulta respecting continuous changes. It will still be 
true, that the uniform motion which takes place after a continu- 
ous force haa acted, ia the effect subsequent to the canae; while 
the change wbicb takea place at any instant by the action of the 
farce, ia tlie inatantaneoua effect simultaneous with the cause. 

it may be objected, that this solution does net appear im- 
mediately to apply; for the motion of a clock is not uniform 
during any portion of the time. The parts move by intervala of 
varied motion and of rest; or by oacillations backwards and 
forwards ; and the succession of fbroea which acta during any 
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oaoillation, or any cycle of motion, ia repeated during the bhc- 
ceediDg oscillation or cycle, and eo on iodefinitElj ; and if aa 
alteration be made in the parts, it is not a, change once for ill, 
but recitra in its operatiuu in ever; cycle of the moCioa. 

But it will be found that thia circumstance does not prevent 
the same explanation from being atill applicable with a alight 
raodificatjon. Inatead of uniform motion in the intervals of 
causation, WB shall have to apeak of sttady going: and instead 
of oonaidering all the forces which affect the motion aa cauaes 
of change of nniform motion, we shall have to speak of changes 
in the parts of the mechanism aa cauaex of change of rale of 
going. With this modification, it will atill be true, that any 
inatantanBOUB cause produces its instantaneous effect simul- 
taneoualy, while the permanent effect is subsequent to the 
change which is its cause. The steady going of the clock is 
assumed as a normal condition, in which it measures the progrcas 
of time ; and in thia aaaumption, the notion of cause and effect 
ia not brought into view. But a steady rate thus denoting the 
mean pasaaga of time, a change in the rate indicates a cauaa 
of change. The eliange of rote, as an instantaneous traiimtion 
from one rata (o another, ia dmutlaneoiu with the change in 
the parts. But then the ehangai roM aa a continued condition 
in which, no new change supervening, the rate ag^n meaaurea 
the progreaa of time, ia luUeqveni to the change of parts, for 
it begins when that ends, and continues when the progresa of 
that has ceased. 

If, however, thia be a satisfactory solution of the dilffioulty in 
the case of mechaniam, how ahaU wo apply the same viewa to the 
other caaea! Growth, the effect of food, is anhaequent to the act 
of taking food; disorder, the effect of poison, is aubaequent to the 
introdudjon of poison into the nystem. Can we say that the 
animal would continue unchanged if it were not to take food ; 
and that food is the cause of a change, namely, of growth I 
Tbis is manifeatiy false ; for if the anucal were not to take food, 
it would soon parish. But the analogy of the former case, of the 
clock, will enable us to avoid this perplexity. As we assumed a 
steady rate of going in the clock to be the meaaure of time whcti 
we oonaiderod the effect of mechaniam, so we assume a ateady 
rate of action in the animal functions to be the measure of the 
prngresa of time when wo conaiJer the causes wliich act ujion the 
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derelopmeDt uid fa«a!tb of aninuilB. Digtstiun, and of cod 

re & part of thif normal conditioD ; ibej are inToIsed 
in the iteady gmag ol Uw aninuil mechatunn, uid ve ninst aup- 
f pKK dieae fimctkniB to go regnlarly on, in order Uwt Uie uumal 
(fl cJkJTKCter <^ animal, Foud and digEstioa mav 
be oon^ered u coiuea of the coDtiniied eiiatence of the aninal. 
in the Hune v%y in wia/it the form of the parts i^ » dock is tLa 
cause of the iteadj going of a dock. And when we come to eon- 
Kider caoscs of cbaoge, this kind of cauuljon, wliich [HwlDce* 
a nonoal condition of things, merel; meaBuriDg the flaw of time. 
)■ left out of oar account. We can conceive an uniform conation 
of ftnima] eikteuce, the animal neither growing nor waating, 
Tbii being taken aa the normal condildOD, an; deviation from 
this condition incUcateg a canse, and is taken aa the evidence and 
measure of the cause of change. And thus, in a growing »ni»iml, 
the food partlj keepi the animal in continued aniraal existence, 
and partly, and in addition l» thia, causes its growth. Food, 
in the former view, is always drculating in tho system, and 
is ntppoiied to be uniformly administered ; the cycles of nutrition 
being merged in the notion of uniform existence, aa the oscilla- 
tions of the peudulum in a clock are merged in the notion of 
unifonn going; and the elementary steps of nutridra which are, 
in this View, supposed to take place at each instant, produce their 
iustautaneous effect, for they are requisite in the cycle of animal 
proceases which goes on from instant to instant. But on the 
other hand, in consideiing growth, we compare the atats of 
an aoimal with a preceding state, and considtr the nutriment 
taken in the intervening time as the cause of the change i hence 
this nutriment, as an aggregate, ia considered as the cause 
of growth of the aulmal; and in this view the effect is sub- 
■equent to the oauae. But yet here, aa in the caaeof mechaniam, 
the progreasivB effect is aimultaneooa, step by step, with tha 
progressive cause. There is a series of operations ; as for in- 
stance, intusausception, digestion, aammilotion, growth: each of 
these is a pnigreesiTe operation; and in tbe progress of each 
operation, the steps of the effect and the instantaneous forces 
are eimultoneous. But the end of one operation ia the beginning 
of tha DCJit, or at least in part, and hence we have time occupied 
by the Huccexaion. The end of intusausception is tha beginning 
of digestion, the end of digestion the beginning of aesimilaljon 
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nnil BO on. Theac aggregate efiects Bucmed each otber ; kdJ 
iianoe growth is Bubsequent to the taking of food ; though each 
inetsntaDeouH force of animal life, no lea^ than of mechanlsn], 
produces an effect simultaneous with its action. Each of these 
separate operations is an aggregate operation, and occupies time ; 
and each aggregate effect is a condition of the aoUon of the cause 
in the next operation. 

Jigain ; if an animal in a permanent conditioD, neither waning 
Dor wasting, may be taken aa the normal Btate in which the func- 
tiona of life measure time, in order that wa may consider growth 
as aa effect, to be referred to food as cause ; we maj, for other 
purposes, coDsider, aa the normal condition, ao animal waxing 
and then wasting, according to the naual law of animal life : and 
ws must take thia, the healthy prognss of an animal, aa our 
normal condition, if we have to consider cauaea which produce 
disease. If we have to refer the morliid condition of an animal 
to the influence of poison, for example, we must consider how 
far the condition deriatos from what it would have been if the 
poison had not been taken into the frame. The usual progress 
of the animal functions including its growth, is thn measure 
of ftW; the deviation from this osual progress is ibe indication 
of catae; and the efiect of the poison is subsequent to the cause, 
because tbe poison acts through the cjcle of tbe animal fimctions 
just mentjoned, which occupies time; and because the taking the 
poison into the aystom, not any subsequent action of the animal 
forces in the ajstem, is conaidered sa the event which we must 
contemplate as a cauao. To reaume tbe analogy of the clock : 
the rate of the clock is altered by altering the parts ; but this 
alteration itself may occupy time ; as if we alter the rate of 
a dock by applying a drop of acid, which gradually eats off 
a part of the pendulum, the corrosion, aa an aggregate effect, 
occupies time; and the rates before and after the change are 
separated by this time. But tbe applicaticn of the drop is the 
cause ; and thus, in thia case the flnal effect is subsequent to tha 
cause, though here, as in the case of mechanism, the inatan- 
taneoua forces always produce a simultaneous effect- 
Thus we have in every oase a uniform state, or a stato which 
is considered as timform, or at least narmal: and which is taken 
■■ tbe indication and meaaure of limt; aod we have also change. 
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which ia contemplated u s deviation from uniformity, and ig 
taken as the indication and measure of caiae. The uniform atate 
ma; be one which Dever exiati, being purelj inuginarj ; as the 
case in which no forces act; and the case in which animal 
fnoclions go on pennanently, the animaJ neither growing nor 
wasting. The normiJ state may alao be a state in which cbanga 
is coostantty taking place, aa, in fact, even a state of motion ii 
A 8tat« of change ; such Htates also are, in a further sense, that 
of a clock going; by starts, and that of an animal constantly 
growing : in thess cases the changes are all merged in a wider 
view of uniformity, so that these are taken ae the normal states. 
And in all these cases, successive changes which take place are 
separated by tntervali of time, me&aured by the normal progresB ; 
and each change is produced by some limullaiuota inatantaneoos 
cause. But taking the cause in a larger aenae, we group these 
instantaneous causes, and perhaps omit in our contemplation 
some of the intervening intervals ; and thus assign the caose to 
a preceding, and the effect to a nuxreditig time. 

I may observe further, aa a corollary from what baa been 
said, that the measure of Ijme is different, when we consider 
different kinds of causation; and in each case, is homogeaeoui 
with the changes which cauaation effacta. In the oonsideratjon 
of mechanical causes, we measure time by mechanical changes ; — 
by uniform raotion, or uniform auccesaion of cycles of motion ; by 
the rotation of a wheel, or the osdilation of a pendulum. But 
if we have to consider physiological changes, the progress of 
time is physiclogically measured; — by the normal progress of 
vital operations ; by the circulation, digoation or development 
of the organized body ; by tbe pulae, or by the growth. These 
diffemat measures of time give to time, so far aa it ia aiiiibiled 
by facts and events, a di&erent character in the different cases. 
Phenomenal time has a different nature and eaaence acoording to 
the kind of tbe changes wluch we consider, and which gives us 
our sole phenomenal indication of cause. 

I fear that I am travelling into matters too abstruse and 
metaphysical for the occasion; but before I conclude, I will 
present one other aspect of tbe aubjecL 

In atating the difficulty, I referred to cases ot moral aa wall 
M phjiucal caOMLtioD; as i^hen prudence produees prosperity, i 
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when follj produces ruin. It may be aakecl, whether we are 
Ler© to flipply the Hume explanation ;— whether we are io aasume 
a normal condition of human eiistenco, in which neither pru- 
dence nor folly are displajed, neither prosperity nor adTersity 
produced; — whether we are to conceive the progreaa of Bach 
a state to measure the progreeB of time, and deviations from 
it to denote c»UBe» of tie kind mentioned. It may be asked 
further, whether, if we do make this BUpposition, wa can resolve 
the influence of such causes as prudence or imprudence int« 
instantaneouB acts, wbich produce their effects immediately : and 
which occupy time only by being separated by intervals of the 
inactive normal moral condition. To this I must here reply, that 
tiio disouBsion of such questions would carry me too far, and 
would involve speculations not included within the acknowledged 
domain of this Society, from wbich I therefore abstain. But 



iliject, that 1 do 1 
are untenable ; and that in 
ider the maxims of causation 
nake some such hypothesis, 
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uitting the 
the suppositions above suggeatec 
order to include moral causation L 

The peculiarity of that kind of 

the character exert, and which i 

the character, would make this 

difficult than those already considered; but, 

would offer us the means of explaining what may seem harsh, in 

the above analogy. For instance, we should have to assume 

such a maiim as this: that in moral causation, time is not 

to bo measured by the flow of mechanical or physiological events ; 

- — not by the clock, or by the pulse. Moral causation has its 

own clock, its own pulse, in the progress of man's moral b«ing ; 

and by this measure of time is the relation of moral cause and 

effect to be defined. 

That in estimating moral causation, the progress of time 
is necessarily estimated by moral changes, and not by machinenr, 
— by the progress of events, and not by the going of the clock, 
— is a truth familiar as a practical maxim to all who give their 
thoughts to dramatic or narrative fictions. Who feels any (Jiing 
incongruous or extravagantly hurried in the progress of events 
in that great exhibition of moral causation, the tragedy of 
OthelloT If we were asked what time those vast and terrible 
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and complex changes of the being and feelings of the characters 
occupy, we should saj, that, measured on its own scale, the event 
is of great extent; — that the transaction is of considerable magni- 
tude in all ways. But if, with previous critics, we look into the 
progress of time by the day and the hour — ^what is the measure 
of this history? Forty-eight hours. 



Op the Origis of our Conceptioss of Force asd 
Matter. 



1. Force — When the facilities of obaervation aiid 
thought are developed iu man, the idea of causation is 
applied to those chkages which we see and feel in the 
state of rest and motion of bodies around us. And 
when our abstract conceptions are thus formed and 
named, we adopt the term Force, and Uise it to denote 
that property which ia the cause of motion produced, 
changed, or prevented. This conception is, it would 
seem, mainly and primarily suggested by our conscious- 
ness of the exertions by which we put bodies in 
motion. The Latin and Greek words for Force, Vie, 
Fit, were probably, like all abstract terms, derived at 
first fi^m some sensible object. The original meaning 
of the Greek word was a mmsde or tendon. Its first 
application as an abstract term ia accordingly to mus- 
cular force : 

Ae&Ttpat Bvr' ktat tdXi) /tcf^tovo Xaor i-ilpas 

Then Ajax a far heavier atone aphfared. 
He whirled it, and impraBeing.Forco intense 
Upon the mass, dismist it. 

The property by which bodies affect each other's 
motions, was naturally likened to that energy which 
we exert upon them with similar effect r and thus the 
labouring horse, the rushing torrent, the descending 
weight, the elastic bow, were said to exert force. 
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Homer' speaks of the _/brce of tLe river, F's iroTa^oio; 
and Heidod' of the^rcB of the north wind, Fis dvefun 

Thus man's general notion of force vas probablj 
first suggested by his muscular exertions, tha,t is, by 
an act depending upon that muscnlar sense, to which, 
afi VB have already seen, the perception of space is 
mainly due. And this being the caae, it will be easily 
■understood that the Direction of the force thus exerted 
is perceived by the muscular sense, at the same time 
that the force itself is perceived; and that the di- 
rection of any other force is understood by comparison 
with foi-ce which man must exert to produce the same 
efiect, in the same manner as force itself is so under- 

This abstract notion of Force long remained in a 
very vagne and obscure condition, as may be seen by 
referring to the History for the failures of attempts at 
a science of force and motion, made by the ancients 
and their commentators in the niiddle ages. By de- 
grees, in modem times, we see the scientific fiiculty 
reviv& The conception of Force becomes so far dis- 
tinct and precise that it can be reasoned upon in a 
consistent manner, with demonstrated consequences; 
and a genuine science of Mechanics comes into exist- 
ence. The foundations of this science are to be foimd 
in the Axioms concerning causation which we have 
already stated; these axioms being interpreted and 
fixed in their application by a constant reference to 
obserred facts, as we shall show. But we must, in the 
first place, consider further those primary processes of 
observation by which we acquire the iirst materials of 
thought on such subjects. 

2. Matter. — 'The conception of Force, as we have 
said, arises with our consciousness of our own muscular 
exertions. But we cannot imagine such exertions 
■without also imagining some bodily substance against 
which they are exercised. If we press, we press some- 
thing ; if we thrust or throw, there ■must be something 
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to resist the thmat or to receive the impiUse. Without 
body, muBcular force caniiot be exerted, and force in 
general is nut conceivable. 

TliTis Force cannot exist without Body on which it 
acta. The twti conceptions. Force and Matter, are co- 
existent and correlative. Force implies resistance ; 
and the force is effective only when the reeistance is 
called into play. If we grasp a atone, we have no hold 
of it till the cloeing of the hand is reaisted by the aolid 
texture of the atone. If we push open a gate, we 
must aamiount the opposition which it exerts while 
turning on its hinges. However slight the resistance 
be, there must be some resistance, or there would be 
no force. If we imagine a state of things in which ob- 
jects do not resist our touch, they muat also cease to 
be influenced by our strength. Such a state of things 
we sometimes imagine in our dreams; and such are 
the poetical pictures of the regions inhabited by disem- 
bodied spirits. In these, the figures which appear are 
conspicuous to the eye, but impalpable like shadow or 
smoke ; and as they do not resist fjie corporeal impres- 
sions, BO neither do they obey them. .The spectator 
tries in vain to strike or to grasp them. 



Et ni docta comes tei 
Adnioneat voUtare « 
In-unt ac trustra ferr 



p Bine ooqjore yit 
sub imagine fom 
verberct umliraa. 



Tbe Sibjl VEirDS him that there rounii Mm fly 
Bodiless tLingB, but aubatance to tbe eye ; 
Klae had be pierced thoae shapea with life-like face, 
And Bmitteo, fierce, the unreateting space. 

NequB ilium 
FTensantflm neqaicquam umbraa et multa voleatem 
Dimre, preterea rid it. 
He graspa her form, and clutches but the shade. 

Sucb may be the circumstances of the unreal world of 
dreams, or of poetical fencies approaching to dreams : 
for in these worlds our imaginary perceptions are 
bound by no rigid conditions offeree and reaction. In 
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BHch caaes, the miud cfists off the empire of the idea of 
cause, as it casts off even the still more familiar sway 
of the ideas of apace and time. But the character of 
the material world in which we live when awake is, 
that we have at eveiy inistant and at every place, force 
operating on matter and matter resisting force. 

3. Solidity. — From our consciousness of muscular 
exertion, we derive, as we have seen, the conception of 
force, and with that also the conception of matter. 
We have already shown, in a former chapter, that the 
same part of our frame, the muscular system, is the 
organ by which we perceive exteneion and the rela- 
tions of apace. Thus the same organ gives us the per- 
ception of body BB resisting force, and as occupying 
space; and by combining theae conditions we have the 
conception of aolid extended bodies. In reality, this 
resistance is inevitably presented to our notice in the 
very foots from which we collect the notion of exten- 
sion. Por the action of the hand and arm by which 
we follow the forms of objects, implies that we apply 
our fingers to their surface ; and we are stopped there 
by the resistajice which the body offers. This resist- 
ance is precisely that which is requisite in order to 
make us conscious of cur muscular effort'. Neither 
touch, nor any other mere passive sensation, could pro- 
duce the perception of extent, as we have alr^Jy 
urged; nor could the muscular sense lead to such a 
perception, except the extension of the muscles were felt 
to be resisted. And thus the perception of resistance 
enters the mind along with the perception of extended 
bodies. All the objects with which we have to do are 
not only extended but solid. 

This sense of the term eolidily, (the general pi-operty 
of all matter,) is different to that in which we oppose 
aolidity to fividity. We may avoid ambiguity by op- 
posing rigid to fluid bodies. By solid bodies, as we 
now spea^ of them, we mean only such as resist the 
pressure which we exert, so long as their parts con- 
tinue in their places. By fluid bodies, we mean those 

• Brown's LcOvra, I i6fi. 



C0^'CEPTIONS OF TORCE AND MATTER. 209 

whoae parts are, bya slight pressure, removed out of their 
places. A drop of water ceases to prevent the contact 
of our two hands, not by ceasing to have solidity in thia 
sense, but by being thruBt out of the way. If it could 
remain in its place, it could not cease to exercise its 
resistance to our pressure, except by ceasing to be 
matter altogether. 

The perception of solidity, like the perception of 
extension, implies an act of the mind, as well as an 
impression of the senaea : as the perception of extension 
implies the idea of space, so the perception of solidity 
imphes the idea of action and reaction. That an Idea 
ia involved in our knowledge on this subject, appears, 
as in other instances, irom this consideration, that the 
convictions of persons, even of those who allow of no 
ground of knowledge but experience, do in fact go far 
beyond the possible limits of experience. Thus Locke 
says*, that 'the bodies which we daily handle hinder 
by an i/nsurmenmiahle force the approach of the parts 
of our hands that press them.' Now it is manifest that 
our observation can never go to this lengtL By our 
aensea we can only perceive that bodies resist the 
greatest actual forces that we exert upon them. But 
our conception of force carries ua further : and since, 
BO long as the body is there to receive the action of the 
force, it must suffer the whole of that action, and mitst 
react as much as it suffers : it is therefore true, that bo 
long as the body remains there, the force which ia ex- 
erted upon it can never surmount the resistance which 
the body exercises. And thus thia doctrine, that bodies , 
reaiat the intrusion of other bodies by an insurmount- 
able force, is, in fact, a consequence of the axiom that 
the reaction is always equal to the action. 

4, Inertia. — But this principle of the equality of 
action and reaction appears also in another way. Not 
only when we exert force upon bodies at rest, but 
when, by our exertions, we put them in motion, they 
reaoL If we set a large stone in motion, the stone 



resists; for the operation requii-es an effort. By 
creasing the effort, we can iiicreoae the effect, tliat is, 
the motion produced; but the resistance still remains. 
And the greater the stone moved, the greater is the 
effort requisite to move it. There is, in eveiy case, a , 
resiatance to motion, which shows itself, not in pre- 
venting the motion, hut in a reciprocal force, exerted 
backwards upon the agent by which the motion, is pro- 
duced. And this resistance resides in each portion of 
matter, for it ia inci-eaaed as we odd one portion of 
mattei' to another. We can push a hght boat rapidly 
through the water; but we may go on inci'easing ite 
freight, till we are barely able to stir it. TLia property 
of matter, then, by which it reaiBta the reception of 
motion, or rather by which it reacts and requires an 
adequate force in order that any motion may result, is 
called its inertness, or iTiertia. That matter has such a 
property, is a conviction flowing from that idea of 
a reaction equal and opposite to the action, which the 
conception of all force involves. By what laws this 
inertia depends on the magnitude, form, and material 
of the body, must be the subject of our consideration 
hereafter. But that matter hiia this inertia, in virtue 
of which, as the matter is greater, the velocity which 
the same effort can communicate to it is lees, is a prin- 
ciple inseparable from the notion of matter itself 
f Hermann aays that £epler tii-at introduced thia 
'most significant' inertia. Whether it is to be found 
in earlier writers I know not; Kepler certainly does 
use it familiarly in those attempts to assign physical 
reasons for the motions of tlie planets which were 
among the main occasions of the discovery of the true 
laws of mechanics. He assumes the slowness of the 
motions of the planets to increase, (other causes re- 
maining the same,) as the in.ert>ia increases; and though, 
even in this assumption, there is an errour involved, ' 
{if we adopt that interpretation of the term inertia to 
which Hubaequent researches led,) the introduction of 
such a word was one step in detenuining and express- 
ing those laws of motion which depend on the funda- 
mental principle of the equality of action and reaction. 
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5. We have thus seen, I trust in a satisfactory- 
manner, the origin of our conceptions of Force, Matter, 
Solidity, and Inertness. It has appeared that the 
organ by which we obtain such conceptions is that 
very muscular frame, which is the main instnmient 
of our perceptions of space; but that, besides bodily 
sensations, these ideal conceptions, like all the others 
which we have hitherto considered, involve also an 
habitual activity of the mind, giving to our sensations 
a meaning which they could not otherwise possess. 
And among the ideas thus brought into play, is an 
idea of action with an equal and opposite reaction, 
which forms a foimdation for universal truths to be 
hereafter established respecting the conceptions thus 
obtained. 

We must now endeavour to trace in what manner 
these fundamental principles and conceptions are un- 
folded by means of observation and reasoning, till they 
become an extensive yet indisputable science. 
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CHAPTER VL 

Of the E9TABLISHlfZ>~T OF THE pBiyCIPI.ES OF 



I, Ohfeet of the Chapter. — Is the present and tte 
succeeding chapteis we have to show how the general . 
axioma of Causation enable us to eonstrnct the science 
of Mechanics, We have to consider these axioins as 
maoldtng themselves, in the 'fii^ place^ into certain 
fundamental mechanical principles, which are of evi- 
dent and necessary truth in virtue of their dependence 
upon the general axioms of Caueation; and thus as 
forming a foundation for the whole HtaTictore of the ■ 
science ; — a system of truths no less necessary than the 
fundamental principles, because derived from these by 
rigorous demonstration. 

This account of the construction of the science of 
Mechanics, however generally treated, cannot be other- 
wise than technical in its details, and will probably be 
imperfectly imdei-atood by any one not acquainted with 
Mechanics as a mathematical science. 

I cannot omit this portion of my survey without 
rendering my work incomplete; but I may remark 
that the main purpose of it is to prove, in a more 
particular manner, what I have already declared in 
general, that there are, in Mechanics no less than in 
Geometry, fundamental principles of axiomatic evi- . 
dence and necessity ; — that these principles derive their i 
axiomatic character from the Idea which they involve^ ' 
namely, the Idea of Cause ; — and that through the 
combination of principles of this kind, the whole sci- 
ence of Mechanics, including its most complex and 
remote reaoltB, exists as a body of solid and universal 
tniths. 
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2. Statiet and Dynamics. — We must first turn our 
attention to a technical distinction of Meclianica into 
two pOT^ions, according as the forces about which we 
reason produce rest, or motion; the former portion is 
termed Statics, the latter Dyna/micg. If a stone fiiU, 
or a weight put a machine in motion, the problem 
belongs to Dynamics; but if the stone rest upon the 
ground, or a weight be merely supported by a machine, 
without being raised higher, the question is one of 
Statics. 

3. Equiliiriwm. — In Statics, forces balance each 
other, or keep each other in equHHrmm. And forces 
which directly balance each other, or keep each other 
in equilibrium, are necessarily and manifeatly equal. 
If we see two boys pull at two ends of a rope so 
that neither of them in the smallest d^ree prevails 
over the other, we have a case in which two forces 
are in equilibrium. The two forces are evidently equal, 
and are a statical exemplification of action and re- 
action, such as are spoken of in the third axiom. 

aes, Now the same exemplification oc- 
Bse of equilibri,iim. No point or body 
can be kept at rest except in virtue of opposing forces 
acting upon, it ; and these forces must always be equal 
in their opposite eifect. When a stone lies on the 
floor, the weight of the stone downwards is opposed 
and balanced by an equal pressure of the floor up- 
wards. If the stone rests on a slope, its tendency to 
slide is counteracted by some equal and opposite force, 
arising, it may be, from the resistance which the slop- 
ing ground opposes to any motion aJong its surfece. 
Every coBe of rest is a case of equilibrium : every case 
of equilibrium ia a case of equal and opposite forces. 

The most complex frame-work on which weights are 
supported, as the roof of a building, or the cordage of a 
machine, are still examples of equilibrium. In such 
cases we may have many forces all combining to bsi- 
lance each other; and the equilibrium will depend on 
various conditions of direction and magnitude among 
the forces. And in order to understand what are 
th.ese conditions, wo must ask^ in the flrst place, what 
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\ ^[tt uuUetiiUuid hy lh«i magnitude of such forces; — what 
l%thv luiMWkUv tif Htatical forces. 

I 4. M«tmtr» <if Staticai Forces. — At first we might 
I WM*"'''') perliapa, that Bince statical forces come under 
I (^ |[uu«rai uotion of Cauae, the mode of measuring 
thtnu would be deiived from the second axiom of Causa- 
tioH. thiit oaoses ore measured by their effects. But 
\vo ^ud that the application of this axiom is controlled 
b,Y th* limitation which we noticed, after Htating that 
axiom 1 namdj, the condition that the causes shall be 
Cftpablu of addition. Further, as we hare seen, a stati- 
otJ tbrce produces no other effect than this, that it 
buJujic^ some other statical force; and hence the mea- 
sure of statical forces is necessarily de]tendent apcm 
theii' balaacing, that is, npon the equajity of action 
uid I'eaction. 

That aiatical forces are capable of addition ia in- 
volved in our conception of such forces. When two 
Bieii pull at a rope in the same direction, the forces 
which they exei't are added together. When two 
heavy bodies are put into a basket suspended by a - 
Hiring, their weights are added, and the sum is sup- 
pwted by the string. 

Oombitiing these oousiderations, it wiU appear that 
the measure of statical forces ia necessarily given at 
once by the timdamental principle of the equality of 
action and reaction. Since two opposite forces which 
balance each other are ec|ual, each force is meafnired 
by that which it balances ; and since forces are capable 
of addition, a force of any magnitude ia measured by 
adding together a proper number of such equal forces. 
Thus a heavy body which, appended to some certain 
elastic branch of a tree, would bend it down through 
one inch, may be taken as a unit of weight Then if 
we remove this first body, and find a second heavy 
body which will also bond the branch through the 
same space, this is also a unit of weight ; and in like 
manner we might go on to a third and a fourth equal 
body; and adding together the two, or the three, or 
the four heavy bodies, we have a force twice, or three 
times, or four times the unit of weight. And with 
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such a collection of hea^y botlies, or weigJita, Tre can 
readily measure all other forces; for the same jiriiiciple 
of the equality of action and reaction leads at once to 
this maxim, that any statical force is measured by the 
weight which it would support. 

As has been said, it might at first have been sup- 
posed that we should have to apply, in this case, the 
asiom that causes are measured by theii" effects in an- 
other manner; that thus, if that body were a unit of 
weight which bent the bough of a tree through one 
inch, that body would be two units which bent it 
through two inches, and so on. But, as we liave 
already stated, the meaaurea of weight must be subject 
to this condition, that they are suHceptible of being 
added : and therefore we cannot take the deflexion of 
the bough for our measure, till we have ascertained, 
that wtiich experience alone can teach us, that under 
the burden of two equal weights, the deflexion will be 
twice as great as it is with one weight, which is not 
true, or at least is neither obviously nor necessarily 
true. In this, as in all other cases, although causes 
must be measured by their effects, we leam from expe- 
rience only how the effects are to be interpreted, so as 
to give a true and consistent measure. 

With regard, however, to the measure of statical 
force, and of weight, no difficulty really occurred to 
philosophers from the time when they first b^an to 
speculate on such subjects; for it was easily seen that 
if we take any uniform material, as wood, or stone, or 
iron, portions of this which are geometrically equal, 
must also be equal is statical effect; since this was im- 
plied in the very hypothesis of a uniform material. 
And a body ten times as large as another of the ^ame 
substance, will be of ten times the weight. But before 
men could establish by reasoning the conditions under 
which weighte would be in equilibrium, some other 
principles were needed in addition to the mere mea- 
sure of forces. The piinciples introduced for this pur- 
pose still resulted from, the conception of equal action 
and reaction; but it required no small clearness of 
thought to select them rightly, and to employ them 



lOPHT or THE mCHASICiX SCtESCIB. 

[ ■Miiinriillji This, Wowerer, ^raa done, 
[ CKtent, hj^ the Greeks; and the treatise cf Ardumedes 
L On the Center of Gravis, is firanded on jKim^ileB 
I which mft^ atiU be oonadered as dte gamine faaaia of 
' ttetie^ reasoning. I shall make a tew ranaifa on Ae 
moA import&nt prindpLe anwng tiiOK whicA Aidu- 
Dieiles thoa empl^rs. 

5. Tke Center of Gravity. — The most importa^ of 
Uie principles which enter into the demonstration of 
Archimedea is this : that " Ereiy bodT has a ceat^ of 
graTity ;" meamng by the center of gravitj, a point at 
which Uie whole loatter of the body maj be sapposed 
to be coUected, to all intente and purposes of statical 
reaaoiiing. This principle has been put in vaiions 
forma by succeeding writers : ibr instance, it has been 
thon^t BiiScient to assume a caae much simpler than 
die general onej and to araert that two equal bodies 
haye tlieir center of gravity in the point'midway be- 
tween them. It ia to be observed, Uiat this asseatitHi 
not only implies that the two bodies will halanee upon 
ft support placed at that midway point, but also, that 
iJiey will exerciite, upon stich a support^ a prtagura 
equal to their gum; for this point b^g tlie center of 
gravity, the whole mattar of the two bodies may be 
conceived to be chllected there, and therefore the 
whole weight will press there. And thus the principle 
in qnestion amounts to this, that when lioo equal heavy 
bodies are »>ippOTted on the middle point between them, 
the prasure itpmi the support is equal to tite sum of the 
weights of the bodies. 

A clear understanding of the nature and grounds of 
Uiis principle ia of great conseqnence : for in it we 
have the foundation of a large portion of the science 
of Mechanics. Aud if this principle can be shown 
to be necessarily tme, in virtue of our Fundamental 
Ideas, we can hardly doubt that there exist many 
other truths of the same kind, and that no sound view 
of the evidenee and extent of human knowledge con 
be ohtoiued, .so long as we mistake the nature 
iU first principles. 
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The above priociple, that the pressTjre on the sup- 
port is equal to the sum of, the boclies supported, is 
often stated bs an axiom in the outlet of books on 
Mechanics. And this appears to be the true place and 
character of this principle, in accordance with the 
reaaoningB which we have already urged. The axiom 
depends upon oiir conception of action and reaetion. 
That the two weights are supported, implies that the 
supporting force must be equid to the force or weight 
supported. 

^ order iiirther to show the foundation of this 
principle, we may ask the question : — If it he not an 
axiom, deriving its truth from the fiindameatal con- 
ception of equal action and reaction, which equilibrium 
always implies, what is the origin of its certaintyl 
The principle is never for an instant denied or qnes- 
tioned : it is taken for granted, even before it ia stated. 
No one will doubt that it ia not only tme, but true 
with the same rigour and universality as the axioms of 
Geometry. Will it be said, that it is borrowed from 
experience? Experience could never prove a principle 
to be universally and rigorously true. Moreover, when 
from experience we prove a proposition to poasesB 
great exactness and generality, we approach by de- 
grees to this proof: the conviction becomes stronger, 
the truth more secure, as we accumulate trials. But 
nothing of this kind ia the case in the instance before 
U9. There ia no gradation from less to greater cer- 
tainty; — no hesitation which precedes confidence. 
From the first, we know that the axiom is exactiy 
and certainly true. In order to be convinced of it, we 
do not require many trials, but merely a clear under- 
standing of the assertion itself. 

But in fact, not only are trials not neceasajy to the 
proof, but they do not strengthen it Probably no one 
ever made a trial for the purpose of showing that the 
pressure upon the support ia equal to the sum of the 
two weights. Certainly no person with cleJU" mecha- 
nical oonceptiouH ever wanted such a trial to convince 
him of the truth; or thought the truth clearer after 
the trial had been made. If to such a person, on 
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experiment were shown which seemed to contradict the 
principle, hia coneluaion would be, not that the princi- 
ple was doubtful, but that the apparattis was out of 
order. Notliing can be less like collecting truth from 
experience than thia. 

We maintain, then, that thia equality of mechanic^ 
action and reaction, is one of the principles which do 
not flow from, but r^ulate our experience. To thia 
principle, the facta which we observe must conform; 
and we cannot help interpreting them in such a man- 
ner that they shall be exemphficationa of the prindpla 
A mechanical preasure not accompanied by an equal 
and opposite pressure, can no more be given by expe- 
rience, than two unequal right angles. With tie sup- 
position of such inequalities, space ceases to be space, 
force ceases to be force, matter ceases to be matter. 
And this equality of action and reaction, considered in 
the caae in which two bodies are connected so aa to act 
on a single support, leads to the axiom which we have 
stated above, and which is one of the main foundationB 
of the science of Mechanics. 

[zd ed.] [To the doctrine that mechanical principles, 
such as the one here under consideration (tliat the pres- 
Bore on the point of support is equal to the sum of the 
weights), are derived from our Ideas, and do not flow 
from but regulate our experience, objections are natu- 
rally made by those who assert all our knowledge to 
be derived from experience. How, they ask, can we 
know the properties of pressures, levers and the likc^ 
except from experience) What but experience can 
possibly inform us that a, force applied transversely to 
a lever will have any tendency to turn the lever on its 
center! This cannot be, except we suppose in the 
lever tenacity, rigidity and the like, which aie quali- 
tiea known only by experienca And it is obvious 
that this line of argument might be carried on through 
the whole subject. 

My answer to this objection is a remark of the 
same kind as one which I have made respecting 
the Ideas of Space, Time, and Number, in the last 
Book. The mind, in apprehending events as causea 
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and effects, ia governed by Lawa of ita own Ac- 
tdvitji and these lawa govern the reaults of the 
mind's actdon; and make these reaulta conform to 
the Axioms of Causation, But thia activity of the 
mind is awakened and developed by being exercised; 
and in deahng with the examples of cause and effect 
here spoken of, (namely, pressure and resistance, 
force and motion,) the mind'a activity is necessarily 
governed also by the bodily powers of perception and 
action. "We are human beings only in so far as we 
have existed in space and time; and of our human 
fectdties, developed by our existence in space and time, 
space and time are neoessary conditions. In like man- 
ner, we are human beings only in bo iar as we have 
bodies, and bodily organs; and our bodies necessarily 
imply material objects external to us. And hence our 
human facnlties, developed by our bodily existence in 
a material world, have the conditions of matter for 
their necessary Laws. I have already said (chap, v.) 
that our conception of Force arises witii our conscions- 
nees of our own muscular exertions ; — that Force can- 
not be conceived without Eesistance to exercise itself 
upon; — and that this resistance is supplied by Matter. 
And thus the conception of Matter, and of the moat 
general modes in which Matter receives, resists, and 
transmits force, are parts of our constitution which, 
though awakened and unfolded by our being in a ma- 
terial world, are not distinguishable from the original 
structure of the mind. I do not ascribe to the mind 
innate Ideas — Ideas which it would have, even if it 
had no intercourse with the world of apace, time, and 
matter; because we cannot imagine a mind in such a 
state. But I attempt to point out and classify those 
Conditions of all Experience, to which the intercourse 
of all minds with the umterial world has necesssrily 
given rise in aU. Truths IhuB necessarily acquired in 
the course of all experience, cannot be said to lie leamt 
Jroni experience, in the same sense in which particular 
facte, at definite times, are leamt from expeiience — 
learnt by some persons and not by otliers — leai'ut with 
more or leas of certainty, These latter apeeiat truths of 
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experience will be very important subjects of o 
Bideration; but our whole chance of discuaaing them 
with any profit depends upon our keeping them distinct 
from the Tieceasary and universal conditions of experi' 
ence. Here, as everywhere, we must keep ia view the 
fundamental antithesis of Ideas and facts.] 

6. Oblique Foreeg. — By the aid of the above axiom 
and a few others, the Greeks made some progreea in 
the science of Statics. But after a short advance, they 
arrived at another difficulty, that of Oblique ForceB^ 
which they never overcame; and which no mathema- 
iiciaa mastered till modem times. The unpublished 
manuscripts of Leonardo da Yinci, written in the fif- 
teenth century, and the works of Stevinns and Galileo, 
in the aisteenth, are the places in which we find the 
first solid grounds of reasoning on the subject of & 
acting obliquely to each other. And from that period, 
mathematicians, having thus become possessed of all ] 
the mechanical principles which are requisite in pro- 1 
blems respecting equilibrium, soon framed a com^etB 1 
science of Statica Succeeding writers presented this j 
science in forms variously modified; for it was found, | 
in Mechanics as in Geometry, that various propos- i 
tions might be bdcen as the starting points ; and that i 
the collection of truths which it was &e mechanioiBn's { 
busiuess to include in hia course, might thus be trar- 
versed by various routes, each path olfering a aeries of ] 
satiafectory demonstration*. The fundamental conoep- ' 
tions of foi-ce and resistance, like those of space and i 
number, could be contemplated under different aspect^ | 
eech of which might be made the basis of axioms, I 
or of principles employed as axioms. Hence the 
grounds of the truth of Statics may be stated in 
various ways; and it would be a task of some length 
to examine all these completely, aoA to trace them to 
their Fundamental Ideas. This I shall not undertake 
here to do ; but the philosophical importance of the 
subject makes it proper to offer a few remarks on 
some of the main principles involved in the different 
modes of presenting Statica as a rigorously demon* 
Btrated science. 
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•J. A Force tnay 6« supposed to act at amy Pomt of 
its Directum. — It has been stated in the histury of Me- 
chanics', that Leonardo da Vinci and Galiieo obtained 
the true measure of the effect of oblique forces, by 
reasoniugs which were, in subHtance, the bbhio. The 
principle of these reaaouiuga ia that expressed at tho 
head of thia paragraph; and when we have a little ac- 
customed ourselves to contemplate our conceptions of 
force, and ita action on matter, in an abstract manner, 
we shall have no difficulty in assenting to the principle 
in this general forcn. But it may, perhaps, be more 
obvious at first in a special case. 

K we suppose a wheel, moveable about its axis, and 
carrying with it in ita motion a weight, {as, for ex- 
ample, one of the wheels by mieans of which the large 
bells of a church are rung,) this weight may be aup- 
port«d by means of a rope (not passing along tho cir- 
cumference of the wheel, as is usual in the case of 
bells,) but fastened to one of the spokes of the wheel. 
Bow the principle which is enunciated above aaserts, 
that if the rope paaa in a straight line across several of 
the apokes of the wheel, it makea no difference in the 
mechanical effect of the force appKed, for the pui'pose 
of putting the bell in motion, to which of these spokes 
the rope 'ia fastened. In each case, the fastening of the 
rope to the wheel merely serves to enable the force to 
produce motion about the center; and so long as the 
force acts in the same line, the effect is the same, at 
whatever point of the rope the line of action finishes. 

This axiom very readily aids ns in estimating the 
effect of oblique forces. For when a force acts on one of 
tho anas of a lever at any oblique angle, we suppose 
another arm projectii^ from tho center of motion, like 
another spoke of the same wheel, so situated that it is 
perpendicular to tho force. This arm we may, with 
Leonardo, call the vvrtual lever; for, by the axiom, we 
may suppose the force to act where the line of ita 
direction meets this arm ; and thus we reduce the case 



to that in which the 



a acta perpeadicularly on the 



The ground of this axiom is, that matter, iu Statics, 
IB necessarily conceived as transmitting force. That force 
can be traaamitted from one place to another, by means 
of matter; — that we can push with a rod, pull with a 
Fope, — are suppositions implied in our conceptions of 
force and matter. Matter is, as we have said, that 
which receives the impression of force, and the modes 
just mentioned, are the simplest ways ia which that 
impression operates. And since, in any of these cases, 
the force might be resisted by a reaction equal to the 
force itself^ the reaction in each case would be eqnal, 
and, therefore, the action in each case is necraaarily 
equal ; and thus the forces must be transmitted, from 
one point to another, without increase or diminution. 

This property of matter, of transmitting the action 
of force, is of various kinds. We have the coherence 
of a rope which enables us to pull, and the rigidity erf 
a stafT, which enables us to push with it in the direo- 
tion of its length; and again, the same staff has a 
r^dity of another kind, in virtue of which we can tiSB 
it as a lever; that is, a rigidity to resist flexure, and to 
transmit the force which turns a body round a ftilcrum. 
There is, further, the rigidity by which a solid body 
resists lioiating. Of these kinds of rigidity, the first ia 
that to which our axiom refers; hut in order to coiQ- 
plete the list of the elementary principles of Statics, we 
ought also to lay down axioms respecting the other 
kinds of rigidity'. These, however, I shall not here 
state, as they do not involve any new principla Idkfl 
the one just considered, they fonn part of our funda- 
mental conception of matter; they are net the results 
of any experience, but are the hypotheses to which we 
are irresistibly led, when we would iiliei-ate our rea- 
Boninga concerning force and matter &om a dependence 
on the special results of experience. We cannot even 
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conceive {that is, if we have any clear mechanical eon- 
ceptiona at all) the force exerted by the ]wint of a 
fltaff and resisting the force which we ateadiiy impress 
on the head of it, to be diOerent from the impressed 
force, 

8. Foroea may have equivalent Forces aubadt-uled /or 
them. T!ie Parallelogram of Forces. — It has aJready 
been observed, that in order to prove the doctrines of 
Statics, we may take various principles as our starting 
points, and may still find a course of demonstration by 
'wMch the leading propositions belonging to the subject 
may be established. Thus, instead of beginning our 
reasonings, as in the lafit section we supposed them to 
commence, with the case in which forces act upon 
different points of the same body in the same line of 
force, and counteract each other in virtue of the inter- 
vening matter by which the effect of force is ti-ana- 
ferred from one point to another; we nmy suppose dif- 
ferent forces to act at the same point, and may thus 
commence our reasonings with a case in which we 
have to contemplate force, without having to take into 
our account the reaiatance or rigidity of matter. Two 
statical forces, thus acting at a mathematical point, axe 
equivalent, in aU respects, to some single force acting 
at the same point ; and would be ke[)t in equilibriuxa 
by a force equal and opposite to that single force. And 
the rule by which the single force is derived from the 
two, is commonly termed <A« parallelogram of forces; 
the proposition being this, — That if the two forces be 
represented in magnitude and direction by the two 
sides of a parallelogram, the resulting force will be 
represented in tlie same manner by the diagonal of the 
paxaDelogram. This proposition has veiy frequently 
been made, by modem writers, the commencement of 
the science of Mechanics : a position for wliich, by its 
simplicity, it is well suited ; although, in order to 
deduce irom it the other elementary propositions of the 
science, as, for instance, those respecting the lever, we 
require the axiom stated in the last section. 

9. The Parallelogram of Forces is a net 
Truth. — In the series of discussions in wliich ^ 
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nature and grounds of the certainly of scientific 
We have, therefore, to ask whether this proposition, 
the parallelograiQ of forces, be a necesaaiy truth ; and 
if so, on what grounds ite necessity ultuuEitely rcBta. 
We shall find that this, like the other tiind^ental 
doctrines of Statics, justly claim a demonstrative cer- 
tainty. Daniel BeroouUi, in 1726, gave the first proof 
of this important proposition on pure statical prinia- 
ples; and thus, as he says^ 'proved that statical theo- 
rems are not less necessarily true than geometrical ar&' 
If we examine this proof of Bernoulli, in order to dis- 
cover what are the principles on which it rests, we 
shall find that the reasoning employs in its progrecs 
such axioms as this ; — That if fixim forces which are 
in equilibrium at a point be taken away other forces 
which are in eqidlibriuTO at the same point, the re- 
mainder will be in equilibrium ; and generally ; — That 
if forces can be resolved into other equivalent forces, 
these may be separated, grouped, and recombined, in 
any new manner, and the result will still be identical 
with what it was at first. Thus in Bernoulli's proo^ 
the two forces to be compounded are represented by p 
and q; p is resolved into two other forces, i and v; 
and q into two' others, T and v, under certain condi- 
tioDs. It is then assumed that these forces may be 
grouped into the pairs x, T, and u, v ; and when it has 
been shown that x and Y are in equilibrium, they may, 
by what has been said, be removed, and the forces, P, 
Q, are equivalent to u, v; which, being in the sajne 
direction by the course of the construction, have a 
result equal to their sum. 

It is clear that the principles here assumed ore 
genuine axioms, depending upon our conception of the 
nature of equivalence of forces, and upon their being 
capable of addition and composition. If the forces, P, 
Q, be equivalent to forces x, u, T, v, they are equivalent 
to these forces added and compounded in any order; 
just as a geometrical figure is, by our conception of 

' Cnmia, Ftirop. vol L 
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space, equivalent to its |>arts added together in any 
order. Tlie appreliension of forces an having magni- 
tude, as made up of paits, as ca^'S'kJe of composition, 
leads to such axioma in Statics, in the same manner aa 
the like apprehension of space leads to the axioms of 
Geometry. And thus the truths of Statics, resting 
upon such foundations, are independent of experi- 
ence ia the same manner in which geometrical truths 



Tlie proof of the paanUelogram of foixies thus given 
by Daniel Bernoulli, as it was the first, is also one of 
the most simple proofs of tliat proposition which have 
been devised up to the present day. Many other demou- 
strationa, however, have l}een given of the same propo- 
sition. Jacobi, a German roathematician, has collected 
and examined eighteen of these*. They all depend 
either upon such principles as have just l>een stated; 
That forces may in every way he replaced by those 
which ai-e equivalent to them; — or else upon those 
]>reviously stated, the doctrine of the lever, and the 
transfer of a force from one point to anothor of its 
direction. In either cose, they are necessary results of 
our statical conceptions, independent of any obsei-ved 
laws of motion, and indeed, of the conception of actual 
motion altogether. 

There is another class of aUeged proofs of the pai-al- 
lelogram of forces, which involve the consideration of 
the motion produced by the forces. But such reasonings 
are, in fact, altogether irrelevant to the subject of 
Statics. In that science, forces are not measured by 
the motion which they produce, but by the forces 
which thoy will balance, as we have already seen. The 
combination of two foi-ces employed in producing motion 
in the same body, either simultaneously or successively. 
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belongs to that part of Mechanics vhich has 
for itd subject, and is to be considered in treating 
the laws of motion. The compceition of motion, (as 
irhen a man moves in a siiip wliile the ahip moves 
tiiToa^ the water,) has conatantiy been confounded 
witb the composition of force. But though it ha^ 
a done by very eminent tnathematiciaiis, it is quite 
u£ to keep the two subjects distinct, in 
I order t« see the real nature of the evidence of truth 
in either case. The conditions of equilibrium of two 
ibrces on a lever, or of three forces at a point, can be 
established wiUiout any reference whatever to any 
motions which the forces might, under o(A«r circum- 
stances, produce. And because this can be done, to 
do so is the only scientific procedure. To prove such 
propositions by any other course, would be to support 
truth by extraneous and inconclusive reasons ; which 
would be foreign to our purpose, since we seek not only 
knowledge, but the grounds of our knowledge. 

lo. The Center of gravity seeks tlie lowest place. — 
The principles which we have already mentioned afford 
a sufficient basis for the science of Htaties in its most 
extensive and varied applications ; and the conditions of 
equilibrium of the most complex combinations of ma- 
chinety may be deduced from thette principles witih a 
rigonr not inferior to that of geometry. But in some of 
the more complex cases, the results of long trains of 
reasoning may be foreseen, in virtue of certain ma-Tim r 
which appear to ua self-evident, although it may not be 
easy to trace the exact dependence of these maxims 
upon our fundamental conceptions of force and matter. 
Of this nature is the maxim now stated ; — That in any 
combination of matter any how supported, the Centca- 
of Gravity will descend into the lowest position which 
the connexion of the parte allows it to assume by 
descending. It is easily seen that this maxim carries 
to a much greater extent the piinciple which the 
Greek mathematicians assnmed, that eveiy body has a 
Center of Gravity, that is, a point in which, if the 
whole matter of the body be collected, the effect will 
remain unchanged. For the Greeks asserted this of a 
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single rigid mass onlyj whereas, in the maxim now 
under owr notice, it is asaerted of any maaaea, con- 
nected by strings, roda, joints, or in any manner. "We 
have already seen that more modem writers on me- 
chajiics, desirous of B«sumiiig aa fimdamental no wider 
principles than are absolutely necessary, have not 
adopted the Gi'eek axiom in all its generality, but have 
only asserted that two eqtial weights have a center of 
gravity midway between them. Yet the principle that 
every body, however irregular, has a center of gravity, 
and will be supported if that center is supported, and 
not otherwise, is so far evident, that it might be em- 
ployed aa a fiindaniental truth, if we couid not resolve 
it into any simpler truths ; and, historically speaking, it 
was assumed as evident by the Greeks. In like manner 
the still wider principle, that a collection of bodies, as, 
for instance, a flexible chain hanging upon one or more 
support^ bas a center of gravity; and that this jraint 
wiil descend to the lowest possible situation, as a angle 
body would do, has been adopted at various periods in 
thehistory of mechanics; and especially at conjunctures 
when mathematical philosophers have had new and dif- 
ficult problems to contend witL For in almost every 
instance it has only been by repeated struggles that 
philoaophera have reduced the solution of such prob- 
lems to a clear dependence upon the most simple 



II, Stevinve's Proof firr OUiqiie Fotcm. — We have 
an example of this mode of dealing with problems, in 
Stevinus's mode of reasonii^ concerning the Inclined 
Plane ; which, as we have stated in the History of Me- 
chanics, was the first correct published solution of that 
problem. Stevinus supposes a loop of chain, or a loop 
of string loaded with a series of equal balls at equal 
distances, to hang over the Inclined Plane; and hia 
reasoning pi-oceeds upon this assumptaon, — -That such 
a loop so lutnging wiU find o. certain position in which 
it will rest: for otherwise, says he \ ite ni()tion must 
go on Ibr ever, which is absurd. It may be asked how 

' Btevin, StolifiH, Itvro L prop, 19. 
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thin aliHurdity of a, perpetual motion appeare ; and it 
will jierhajis be added, tbat although the imposaibility 
of a machine "with such a coiidition may be proved as 
a remote result of mechanical principles, this imposm- 
bility can hardly be itself recognized as a self-evident 
tnitb. But to thia we may reply, that the impossi- 
bility IB really evident in the case contemplated by 
Bteviuiis; for we cannot conceive a loop of ohtun to go 
on through all eternity, sliding round and round upon 
its support, by the effect of its own weight. And the 
ground of our conviction that this cannot be, » 
be this consideration ; that when the chain mc 
the effect of its weight, we consider its motion 
result of an effort to rea<:h some certain position, in 
'Which it can rest; just as a single ball in a bowl moves 
tillit comes to rest at the lowest ]xiint of the bowL Such 
an effect of weight in the eiiain, we may represent to 
ourselves by conceiving all the matter of the chain to 
be collected in one single point, and this single heavy 
point to hang Irora the support in some way or other, 
BO as fitly to represent the mode of support of the 
chain. In whatever manner this heavy point (the 
center of gravity of the chain) be supported and con- 
trolled in its movements, there will still be some posi- 
tion of rest which it will seek and find. And thus 
there will be some corresponding position of rest for 
the chain; and the interminable shifting from one 
position to anotlier, with no disposition to rest in any 
position, cannot exist. 

Thus the demonstration of tlie property of the 
Inclined Plane by Stevinua, depends upon a principle 
which, though far from being the simplest of those to 
which the case can be reduced, is still both true and 
evident : and the evidence of thia principle, depending 
upon the assumption of a center of gravity, is of the 
same nature as the evidence of the Greek Htatioal de- 
monstrations, tlie earliest real advances in the scienca 

13. Principle of Virtual Ydoeitiea. — We have re- 
ferred above to an assertion often made, that we may, 
from the simple principles of Mechanics, demonstrate 
the impossibility of a perpetual motion. In reality, 
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Lowevsr, the simplest proof of tliat impossibility, in a. 
machine acted upon by weight only, arises from ths 
very maxim above stated, that the center of gmvity 
Beelp and finds the lowest place; or from some similar 
proposition. For if, as is done by many writers, we 
profess to prove the impoaaibility of a perpetual motion 
by means of that proposition which includes the condi- 
tions of equilibrium, and is caUed the Prineiple of 
Virtual Velocities^, we are under the necessity of first 
proving in a general manner that principle. And if 
this Tje done by a mere enumeration of oases, (as by 
taking those five cases which are called the Meehanicai 
Powerg,) there may remain some doubts whether the 
enumeration of possible mechanical combinations be 
complete Accordingly, some writem have attempted 
independent and general proofs of the Principle of 
Virtual Velocities; and these prools rest upon assump- 
tions of the same nature as that now under notice. 
Thia is, for example, the case with Lagrange's proof, 
which depends upon what he calls the Principle of 
Pidltyg. For this principle is, — That a weight any 
how supported, as by a string passing round ajiy num- 
ber of pulleys any how placed, will be at rest then 
only, when it cannot get lower by any araall motion of 
the pulleys. And thus the maxim that a weight will 
descend if it can, is assumed as the basis of thia proof 

There is, as we have said, no need to assume such 
principles' as these for the foundation of our mechanical 
science. But it is, on various accounts, useful to direct 
our attention to those eases in which tmtha, appre- 
hended at first in a complex and derivative form, have 
afterwards been reduced to their simpler elements;— 
in which, also, sagacious and inventive men have fixed 
upon those truths as self-evident, which now appear to 
OB only certain in virtue of demonstration. In theao 
cases we can hardly doubt that such men were led to 
assert the doctrines which they discovered, not by any 
oaprieious conjecture of arbitrary selection, but by 
having a keener and deeper insight than other persons 
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into tlie relations which were the object of their ooa- 
templ&tiou ; and in the science now spoken of, ihey 
were led to their aAsiunptions by posaessiug clearlj and 
distinctly the conceptions of mechanical cause and 
effect, — miction and reaction, — force, and the nature of 
its operation. 

13. Fluids press Equally in ail Directums. — The 
doctrines which concern the eqiiilibrium of fluids de- 
pend on principlee no lees certain and simple than 
those which refer to the equilibrium of solid bodies ; 
and the Greeks, who, as we have seen, obtained a. clear 
view of some of the principles of StaticR, also made a 
beginning in the kindred subject of Hydrostatics. We 
still posacES a treatise of Archimedes On Floating 
Scxliea, which contains correct solutions of sereral 
problems belonging to this subject, and of some which 
are by no means easy. In this treatise, the fdnda- 
mental assumption is of this kind : ' Let it be assumed 
t^t the nature of a fluid is such, that the parts which 
are less pressed yield to those which are more pressed.' 
In this assumption or axiom it is implied that a pres- 
sure exerted upon a fluid in one direction produces a 
pressure in another direction; thus, the wraght of the 
fluid which arises from a downward force produces a 
lateral pressure against the sides of the containing ves- 
sel. Not only does the pressure thus diverge from its 
original direction into all other directions, but the 
pressure is in all directions exactly equal, an equal 
extent of the fluid being taken. This principle, which 
was involved in the reasoning of Archimedes, is still 
to the present day the basis of all hydrostatical trea- 
tjaes, and is expressed, as above, by saying that j!«tds 
press equally in alt directions. 

Concerning this, as concerning previously-noticed 
principles, we have to ask whether it can rightly be 
said to be derived feoia experience. And to this the 
answer must stiil bc^ ^ in the former cases, that the 
proposition is not one borrowed from experience in 
any ui^nial or exact sense of the phrasa I will en- 
deavour to illustrate this. There are many elementary 
propositions in physics, our knowledge of which indis- 
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putably depends upon eKpeiieiice ; and in these caaes 
there is no difficulty in seeing the evidence of this de- 
peudeDC& In such oases, the exp^vientt which prove 
the law are proraiuently stated in treatises upon the 
subject : they are given with exact measnrea, and with 
am account of the means by which erroura were avoided : 
the experimeata of more recent timeB have either ren- 
dered more certain the law originally asserted, or have 
pointed out some correction of it es requudte : and the 
names, both of the discoverers of tlie law and of its 
subsequent reformers, are well known. For instance, 
the proposition that ' The elastic force of m.r varies as 
the density,' was first proved by Boyle, by means ot 
operations of which the detail is given in his De/ence 
of hia Pn&anatieal Expmriin^Ue' ; and by Maniotte in 
his Traiti de VEipdltbre des lAquideg, from whom it 
has generally been termed Marriotte's law. After 
being confirmed by many other experimenters, this 
law was suspected to be slightly inaccurate, and a 
commission of the French Academy of Sciences was 
appointed, conasting of several distinguished philoso- 
phers", to ascertain the truth or fidsehood of this sus- 
picion. The result of their investigations appeared to 
be, that the law is exact, as nearly as the inevitable 
inaccuracies of machinery and measures will allow us 
te judge. Here we have an example of a law which 
is of the simplest kind and form ; and which yet is not 
allowed to rest upon its simplicity or apparent proba- 
bility, but is rigorously tested by experienea ia this 
case, the asuertion, that the law depends upon experi- 
ence, contains a reference to plain and notorious pas- 
BH^es in the history of science. , 

Now with regai-d to the principle that fluids press 
equally in all dii-ections, the case is altogether diffei-ent. 
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It is, indeed, oft«n asserted in works on hydrostatic^ 
that the principle is coUected from experience, and 
ROtnetimes a few expmments are described as eshibit- 
tng ita efiect; bat these are such as to illostrate and 
explain, rather than to prove, the trath of the prinri- 
ple: they are never related to hare been made witii 
that exactness of precaution and ffleasuremeut, or that 
freqaency of F^>eti1ion, which are necessary to eeta- 
blifji a purely experimental tmth.^ Nor did such ex- 
periments occur as impoitant steps in the histoty of 
Bdenca It does no£ appear that Archimede* thought 
experiment necessary to confirm the truth of the law 
as he employed it : on the contrary, he states it in ex- 
actly the same shape as the axioms which he employs 
in statics, and even in geometry; namely, as an as- 
Biimption. Nor does any intelligent student of the 
subject find any difficulty in assenting ta this funda- 
mental principle of hydrostatics as soon as it ia pro- 
pounded to hirri , Experiment was not requisite £>r ita 
discovery ; experiment is not necessary for ita proof at 
present ; and we may add, that experiment, though it 
may make the propoEition the more readily intelli^ble, 
can add nothing to our conviction of ita truth when it 
is once understood. 

14. ftmndation 0/ tfie tibove Axiom, — But it will 
naturally be asked. What then is the ground of our 
conviction of this doctrine of the equal preasnre of a 
fluid in all directions ? And to this I reply, that the 
reasons of this conviction are involved in our idea of a 
fluid, which is considered as matter, and therefore as 
capable of receiving, resisting, and tranamitting force 
according -to the general conception of matter ; Ad 
which is also considered as matter which has its paji» 
perfectly moveable among one another. For it follows 
from these sup))osition3, that if the fluid be confined, 
ft pressure which thrusts in one side of the containing 
I Vwsel, may cause any other side to bulge outwards, if 
^ifaere be a part of the surface which has not strength 
to resist this pressure from within. And that this 
pressure, when thus transferred into a direction differ- 
ent from the ori|^nal one, is not altered in intensity. 
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depends upon this consideration ; that any difference 
in the two pressures woiihl be considered as a defect of 
perfect fluidity, since the fluidity would be still more 
complete, if this entire and undiminiBhed tranamiBsion 
of pressure in. all directions were supposed. If, for 
instance, the lateral pressure were less than the ver- 
tical, this could be conceived no other way than as in- 
dicating some rigidity or adhesion of the parts of the 
fluid. When the fluidity is perfect, the two pressures 
which act in the two different parts of the fluid ex- 
actly balance each othez' ; they are the action and the 
reaction; and must hence be equal by the same neces- 
sity as two directly opposite forces in statics. 

But it may be urged, that even if we grant that this 
conception of a perfect fluid, as a body which has its 
parts perfectly moveable among each other, leads us 
necessarily to the principle of the equality of hydro- 
static pressure in all directions, still this conception 
itself is obtained irom eKperience, or suggested by 
observation. And to this we may reply, that the con- 
ception of a flnid, as contemplated in mechanical 
theory, cannot be said to be derived from experience, 
except in the same manner as the conception of a solid 
and rigid body nuiy be said to bo acquired by experi- 
ence. For if we imagine a vessel fiill of small, smooth 
spherical balls, such a collection of balls would ap- 
proach to the nature of a fliiid, in having its parts 
moveable among each other; and would approach to 
perfect fluidity, as the balls became smoother and 
smaller. And such a collection of balls would also 
possess the statical properties of a fluid ; for it would 
transmit pressure out of a vertical into a lateral (or 
any other) direction, in the same manner as a fluid 
would do. And thus a collection of solid bodies has 
the same property which a fluid has; and the science 
of Hydrostatics borrows from experience no principles 
beyond those which are involved in the science of 
Statics respecting solids. And since in this latter por- 
tion of science, as we have already seen, none of the 
principles depend for their evidence upon any special 
experience, the doctrines of Hydi'ostatics also are not 
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proved hy experiance, but have a necessary truth bor- 
rowed from the relations of our ideas. 

It ia hardly to be expected that the above reasoning 
will, at first sight, produce conviction in the mind of 
the reader, except he have, to a certain extent, ac- 
quainted himself with the elementary doctrines of the 
science of Hydroatatica as usually delivered ; and have 
followed, with clear and steady apprehension, some of 
the trains of reasoning by which the pressures of fluids 
are determined; as, for instAuce, the explanation of 
what is called the HyctroBtatie Paradox. The necesraty 
of snch a discipline iu order that the reader may ent^ 
fully into this part of our speculations, naturally ren- 
ders them less popular; but this disadvantage is in^ 
evitable in our plan. We cannot expect to throw light 
upon philosophy by means of the advances which hare 
been made in the mathematical and phjrsicol scienoeB, 
except we really understand the doctrines which have 
been firmly established in those sciences. This prepay 
ration for philosophizing may be somewhat laborious; 
but such labour is necessary if we would pursue specu- 
lative truth with all the advantages which the present 
condition of human knowledge places within our reach. 

We may add, that the consequencos to which we 
are directed by the preceding opinions, are of very 
great importance in their bearing upon our general 
views respecting human knowledge. I trust to , bo 
able to show, that some important distinctions are 
illustrated, some perplexing paradoxes solved, and some 
large anticipations of the future extension of our 
knowledge su^ested, by means of the conclusionB to 
which the preceding discussions have conducted us. 
But before I proceed to these general topics, I must 
consider the foundations of some of the remaining 
portions of the science of Mechanics. 



CHAPTER VII. 



Of the Establishment of the Principles op 
Dynamics. 



I. TN the History of Mechanics, I have traced the 
X steps by which the three Laws of Motion and 
the other principiea of mechanica were discovered, 
established, and extended to the wideat generality of 
{arm and application. We have, in these laws, esam- 
ples of principles which were, historically speaking, 
obtained by reference to experience. Bearing in mind 
the object and the result of the preceding discussions, 
we cannot but turn with much interest to exttmine 
these portions of science; to inquire whether there be 
any real difference in the grounds and nature between 
the knowledge thus obtained, and those truths which 
we have already contemplated ; and which, as we have 
seen, contain their own evidence, and do not require 
proof from experiment. 

2. The First Law of Motiim. — The first law of 
motion is, that When a body moves not acted tipon hy 
amy force, it will go on ji^-petuaUy in a straighl line, 
and wiUi a vmifomi velocity. Now what is the real 
ground of our assent to this proposition 1 That it is 
not at £rst eight a self-evident truth, appears to be 
clear ; since from the time of Aristotle to that of Gali- 
leo the opposite assertion was held to be true; and it 
waB believed that all bodies in motion had, by their 
own nature, a constant tendency to move more and 
more slowly, so as to stop at last. This belief, indeed, 
is probably even now entertained by most persons, till 
their attention ia fixed upon the arguments by which 
the first law of motion is established. It is, however, 
not difficult fo lead any person of a speculative habit 
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of thought to aee that the retardation whiuh constantly 
takes place in the motion of all bodies when left to 
themselves, is, in reality, the effect of extraneous forces i 
which destroy the velocity. A. top ceases to spin 
because the Mction against the ground and the rerast- 
ance of the air gradually diminish its motion, and not 
because its motion has any internal principle of decay 
or fatigua This may be shown, and was, in fact^ shown, i 
by Hooke before the Koyal Society, at the time when 
the laws of motion were still under discussion, by 
means of experiments in which the weight of the top 
is increased, and the resistance to motion offered by 
its support, is diminished; for by such contrivances its 
rdotion is made to continue much longer than it would 
otherwise do. And by experiments of this nature 
although we can never remove the whole of the exteiv 
nal impediments to continued motion, and although, 
consequently, there will always be some retardation; ■ 
and an end of the motion of a body loft to itself, how- 
ever long it may be delayed, must at last oome; yet 
we can establish a, conviction that if all resistance 
could be removed, there would be no diminution of 
velocity, and thus the motion would go on for ever. 

If we caU to mind the axioms which we formerly 
stated, as containing the most important conditionB 
involved in the idea of Cause, it will be seen that our 
conviction in this case depends upon the first axiom of 
Causation, that nothing can happen without a causei 
Every change in the velocity of the moving body muat 
have a cause; and if the change can, in any manner, 
be referred to the presence of other bodies, these are 
said to exert /orce upon the moving body : and the 
conception of foixie is thus evolved Irom the general 
idea of cause. Force is amy cause which has moUont 
or change of motiwi, for ita eject; and thus, all the 
change of velocity of a body which can be referred to 
extraneous bodies, — as the air which surrounds it, or 
the support on which it rests, — -is considered as (he 
effect of forces; and this consideration is looked upon 
as explaining the difference between the motion which 
really takes places in the experiment, and that motion 
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wbich, as the law asserts, would take placo if the 
body were riot acted on by Miy tbrces. 

ThuH the tmth of the tirst law of motion depends 
upon the a^om thut no change can take place without 
a cause; and follows from the definition of foree, if 
we suppose that there can be nooe but an external 
caiiae of change. But in order to establish the law, 
it was necessary fiirther to be assured that there is no 
irtterTud caiiae of change of velocity belonging to all 
matter whatever, and operating in such a manner that 
the mere progress of time is sufficient to produce a 
diminution of velocity in all moving bodies. It appears 
from the history of mechanical science, that this latter 
step required a reference to observation and experi- 
ment; and that the first law of motion ia bo far, 
historically at least, dependent upon our experience. 

But notvrithstanding this historical evidence of the 
need which we have of a reference to observed facts, 
in order to plaee this first law of motion out of doubt, 
it has been maintained by very eminent mathemati- 
cians and philosophers, that the law is, in truth, evident 
of itself, and does not really rest upon esperimental 
prQo£ Such, for example, is the opinion of d'Alembert', 
who ofiera what is called an & priori proof of this 
law; that is, a demonstration derived from our ideas 
alone. When a. body ia put in motion, either, he says, 
the cause which puts it in motion at first, suifices to 
make it move one foot, or the continued action of the 
cause during this foot is requisite for the motion. In 
the first case, the same reason which made the body 
proceed to the end of the first foot will hold for its 
going on tlu'ough a second, a third, a fourth foot, and 
so on for any number. In the second case, the 8am.e 
reason which made the force continue to act during 
the first foot, will hold for its acting, and therefoi-e for 
the body moving during each succeeding foot. And 
thus the body, once beginning to move, must go on 
moving for ever. 
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It ia obvious that we might reply to this argument^ 1 
that the reasons for the body proceeding during each I 
succeeding foot may not necessarily be all the a 
for Bjnong these reaaona may be the time which 1 
elapeed ; and thus the velocity may undergo a chu^^ J 
as the time proceeds; and we require observatioii taJ 
inform us that it does not do so. 

Professor Playfiiir has presented nearly the ; 
argument, although in a different and more matheiOft'^ 
tical form'. If the velocity change, says he, it must 
change according to some expression of caleuUtioD 
depending upon the time, or, in mathematical laiigua^;e, 
must be &/vmction ai the tima If the velocity dimi- 
nish as the time increases, this may be expressed '\yf I 
stating the velocity in each case as a certain numbat^'l 
from which another quantity, or terja, increasijig i 
the time increases, is subtracted. But, Flayfair adds, 1 
there is no condition involved in the nature of tiiie 1 
case, by which the eoeffidaitg, or numbers which aro I 
to be employed, along with the number representing j 
the time, in calculating this second term, can be 
determined to be of one magnitude rather than of any 1 
other. Therefore he infers there can be no sucJi I 
coefficients, and that the velocity is in each case eqnal J 
t« Rome constant mmiber, independent of the t' 
and is therefore the sam.e for all times. 

In reply to this we may observe, that the circunv- I 
stance of our not seeing in the nature of the case any-H 
thing which determines for us the coefficients above-'l 
spoken of, cannot prove that they have not soon f 
certain value in nature. We do not see in t' 
of the case anything which should determine a body ] 
to fall sixteen feet in a second of time, rather than oaa I 
foot or one hundred feet : yet in fiiet the space thus T 
run through by falling bodies is determined to a oeiw.iJ 
tain magnitude. It would be ea^ to assign a mathe^ 1 
matical expression for the velocity of a body, implying! 
that one-hundredth of the velocity, or any other fins*' J 
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tioB, is lost in with second^ : «,rnl wliere ia the absurdity 
of 8Up[M)aing such au espresaion really to represent tlie 
veloci^) 

Moat modem writers on loechajiics have embraced 
the opposite opinion, and have ascribed our know- 
ledge of this first law of motion to experience. Thus 
M. Foisson, one of the most eminent of the mathema^ 
ticians who have written on this subject, says', " We 
cannot affirm d priori that the velocity communicated ^ 
to a body will not become slower and slower of itself 
and end by being entirely extinguished. It ia only by 
experience and induction that this question can be 
decided." 

Yet it cannot be denied that there ia much force 
in those arguments by which it is attempted to show 
that the First Law of Motion, such as we find it, ia 
more consonant to our conceptions than any other 
would be. The Law, as it exists, ia the most aimpie 
that WB can conceiva Instead of having to determine 
by experiments what is the law of the natural change 
of velocity, we find the Law to be that it does not 
change at all. To a certain extent, the Law depends 
upon the evident axiom, that no change can take place 
without a cause. But the question further occurs, 
whether the mere lapse of time may not be a cause 
of change of velocity. In order to ensure this, we 
have recourse to experiment ; and the result ia that 
time alone does not produce any auch change. In 
addition to the conditions of change which we collect 
jrom our own Ideas, we ask of Experience what other 
conditions and circumatancea ahe haa to offer; and tlie 
answer in, that she can point out none. When we have 
removed the alterations which external causes, in our 
very conception of them, occasion, there are no longer 
any alterations. Instead of having to guide ouraelves 
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liy pxperieDCe, we learn that on tjiis suLject she has 
nothing to tdl oa. IiiMead of having to take into 
AOCount a number of drcumstances, we find that we 
have only to reject all circumstances. The velodW of 
n bodj remains unaltered by time alone, of whatever 
kind the body itself be. 

But the doctrine that time alone is not a cause of 
change of velocity in any body is further recommended 
to OS by this consideration; — that time is conceived by 
ua not aa a cause, but only as a condition of ottier 
causes producing their eflecta. Causes operate »» 
time; but it is only when the cause exists, that the 
lapse of time can give ri^ to alterationa. 'When 
therefore all external causes of change of velocily are 
supposed to l»e removed, the velocity must continue 
identical with itself, whatever the time which elapses. 
An eternity of negation can produce no jiositive re- 
sult. 

Thus, though the discovery of the Fii-st ley/ of 
Motion was made, liistorically speaking, by means of 
experiment, we have now attained a point of view in 
vliich we see that it might have been certainly known 
to be true independently of experience. This law in 
its ultimate form, when completely simplified and 
■teadily contemplated, assumefi the churacter of a 
self-evident truth. We shall find the same process 
to take place in other instances. And this feature 
in the progress of science will hereafter be found to 
snggeet very important views with regard both to the 
nf^re and prospecta of our knowledge. 

3. Gtamly ia a Uniform Farce. — We aliall find 
observations of the same kind offering themselves in 
a manner more or leas obvious, with regard to the 
other principles of Dynamics. The determination of 
the laws according to which bodies fall downwards by 
the common action of gravity, has aJready been noticed 
in the History of Mechanics', as one of the earliest 
positive adviuicea in the doctrine of motion. These 
laws were first rightly stated by Galileo, and esta- 

» H«. Ind. Sc, I, vt c. U. ted. i. 




r 

I ' 



OF THE PEINCIPLES OF DYNAMICS. 24I 

bliahed by reasoning and by esperimetit, not without 
dissent and controversy. The amount of these doc- 
trines is this : That graTily ia a uniform accelerating 
force; such a, unifurm, force haring this for ita cha- 
racter, that it makes the velocity increase in exact pro- 
portion (0 Ihs time of moticm. The relation which the 
Bpaces described by the body bear to the times in. which 
tiey are described, ia obtained by mathematical deduc- 
tion from this definition of the force. 

The clear Definition of a unifojiu accelerating 
force, and the Proposition that gravity is such a force, 
were co-ordinate and contemporary steps in this dis- 
covery. In defining accelerating force, refei'enoe, tacit 
or express, was necessarily made to the second of the 
general axioms respecting causation, — That causes are 
measured by their effects. Force, in the cases now 
under our notice, is conceived to be, as we have 
already stated, (p. 236,) any cause which, acting fi-om 
without, changes the motion of a, body. It must, 
therefore, in this acceptation, be measui'ed by the 
magnitude of the changes which are produced. But 
in what manner the changes of motion are to be 
employed as the measures of force, is learnt from 
observation of the facts which we see taking place in 
the world. Experience interprets the axiom of causa- 
tion, from which otherwise we could not deduce any 
real knowledge. We may assume, in virtue of onr 
general conceptions of force, that under the same 
circnmstances, a greater change of motion implies 
a greater force producing it; but what are we to 
expect when the circumstances changel The weight 
of a body makes it fall from, rest at first, and causes 
it to move more quickly as it descends lower. We 
may express this by saying, that gravity, the universal 
force which makes aU terrestrial bodi^ fall when not 
supported, by its continuous action first gives velocity to 
the body when it has none, and afterwards adds velocity 
to that which the body already has. But how is the 
velocity added proportioned to the velocity which 
already exists) Force acting on a body at rest, and 
»n a body in motion, appears under veiy difierent 
VOL. I. R 
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conditions ; — bow are the effects rel&t«d ? Let the force 
be conceived to be in both cases the gartie, since force 
ia conceived to depend upon the eitrane<>u8 bodies, &nd 
not upon the conditioa of the moving mas itee]£ 
Bot the force being the siune, the effects m&y still be 
difierent It ia at first fight conceivable that the 
body, acted npon by the sajne gravity, may receive 
a less addition of velority when it is already moving 
in the direction in which this gravity impels it; for if 
we ourselves push a body forwards, we can produce 
little additional effect upon it when it is already 
moving rapidly away from us. May it not be true^ 
in like manner, that although gravity be always the 
same force, its effect depends upon the velocity whiolL 
the body under its influence already posesseEt 

Observation and reasoning combined, as we have 
said, enabled Galileo to answer these questions. He 
asserted and proved that we may consistently and 
properly measure a force by the velocity which ia by 
it generated in a body, in some certain titnp, as one 
second; and further, that if we adopt this measure, 
gravity will he a force of the same value under all 
circumstances of the body which it affects ; since it 
appeared that, in fact, a falling body does receive 
equal increments of velocity in equal times firom first 
tokst 

If it be asked whether we could have known, an- 
terior to, or independent o^ experiment, that gravity 
ia a uniform force in the sense thus imposed upon the 
term; it appears clear that we must reply, that we 
could not have attained to such knowledge, since other 
laws of the motion of bodies downwards are easily 
conceivable, and nothing but observation could inform 
ns that one of these laws does not prevail in &ct 
Indeed, ve may add, that the assertion that the force 
of gravity is uniform, is so far from being self-evident, 
that it is not even true; for gravity varies according 
to the distance from the center of the earth; and 
although this variation ia so small as to be, in the 
case of falling bodies, imperceptible, it negatives the 
rigorous uniformity of the force as completely, though 
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not to the same extent, as if the weight of a body 
diminished in a marked degree, when it was carried 
firom the lower to the upper room of a house. It can- 
not, then, be a truth independent of experience, that 
gravity la uniform. 

Yet, in fact, the assertion that gravity is uniform 
waa assented to, not only before it was proved, but 
even before it waa clearly understood. It was readily 
granted by all, that bodies which fall freely are «ni- 
formly accelerated ; but while some held the opinion 
just stated, that uniformly accelerated motion is that 
in which the velocity increases in proportion to the 
time, others maintaiued, that tJiat is unilbrmly ac- 
celerated motion, in which the velocity increases in 
proportion to the space; so that, for example, a body 
in felling vertically through twenty feet should acquire 
twice as great a. velocity as one which falls through 
ten feet. 

These two opinions are both put forward by the 
interlocutors of Galileo's Dialogue on this subject". 
And the latter supposition is rejected, the author 
showing, not that it ia inconsistent with experience, 
but that it is impossible in itself: inasmuch as it would 
inevitably lead to the conclusion, that the fall through 
a large and a small vertical space would occupy exactly 
the same time. 

Indeed, Galileo asaumes his definition of uniformly 
accelerated motion as one which is sufficiently recom- 
mended by its own simplicity. ' If we attend care- 
fully,' he says, ' we shall find that no mode of increasi! 
of velocity is more wmple than that which adds equal 
increments in equal times. Which we may easily 
understand if we consider the close affinity of time 
and motion : for as the uniformity of motion is defined 
by the equality of spaces described in equal times, so 
■we nmy conceive the uniformity of acceleration to 
exist when equal velocities are added in equal times.' 

Gralileo's mode of supporting his opinion, that bodies 
falling by the action of gravity are thus uniformly 

■ Dialiigo, UL p. 95. 
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accelerated, consists, in the first place, in adducing 
the maxim that nature always employs the 
simple means'. But he is far from conaiilering this 
decisive ai^;iiment. ' I,' says one of hia apeakerei, 
'aa it would be veiy unreasonable in me to gainsay 
this or any other definition which any author may 
please to make, since they are all arbitrary, may still, 
without offence, doubt whether such a definition, con- 
ceived and admitted in the abstract, fits, agrees, Mid 
is verified in that kind of accelerated motion which 
bodies have when they descend naturally,' 

The esperimental proof that bodies, when they &1] 
downwards, are uniformly accelerated, is (by Galileo) 
derived from the inclined plane ; and therefore assumes 
the proposition, that if such uniform acceleration pre- 
vail in vertical motion, it will also hold when a body 
is compelled to describe an oblique rectilinear path. 
This proposition may be shown to be true, if (assuming 
by anticipation the Third Iaw of Motion, of which 
we shall shortly have to speak,} we introduce the con- 
ception of a uniform statical force aa the cause of 
unitbrm acceleration. For the force on the inclined 
plane bears a constant proportion to the vertical force, 
and tliis proportion is known from statical considera- 
tions. But inthe workof whichwearespeaking, Galileo 
does not introduce this abstract conception of force as 
the foundation of his doctrines. Instead of this, he 
pi-opoaes, as a postulate sufficiently evident to be made 
the basis of hia reasonings. That bodies which descend 
down inclined planes of different inclinations, but of 
the same vertical height, all acquire the same velocity". 
But when this postulate has been propounded by one 
of the persons of the dialogue, another interlocutor 
says, 'You discourse very probably; but besides this 
likelihood, I wish to augment the probability so far, 
that it shall be almost as complete as a necessary 
demonstration.' He then proceeds to describe a very 
ingenious and simple experiment, which shows that 
when a body is made to swing upwards at the end of 
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a string, it attains to the same height, ■whatever ia the 
path it foUows, so long as it starte from the lowest 
point with the same velocity. And thus Galileo's 
postulate ia experimentally confirmed, so far as the 
force of gravity can be taken as an example of the 
forces which the postulate contemplates : and con- 
versely, gravity is proved to be a uniform force, so fer 
as it can be considered clear that the postulate is true 
of uniform forces. 

When we have introduced the conception and defi- 
nition of accelerating force, (Jalileo'a postulate, that 
bodies descending down inclined planes of the same 
vertical height, acquire the same velocity, may, by 
a few steps of reasoning, be demonstrated to be true 
of uniform forces: and thus the proof that gravity, 
either in vertical or oblique motion, is a uniform 
force, is confirmed by the experiment above men- 
tioned; ss it also is, on like grounds, by many other 
experiments, made upon iucliued planes and pendu- 

Thus the propriety of Galileo's conception of a uni- 
form force, and the doctrine that gravity is a uniform 
force, were confirmed by the same reasonings and ex- 
periments. We may make here two remarks; First, 
that the conception, when established and rightly 
stated, appears so simple as hardly to require experi- 
mental proof; a remark which we have already made 
with I'egard to the First Law of Motion : and Sectmd, 
that the discovery of the real law of nature was made 
by assuming propositions which, without fiirther proo^ 
we should consider as very precarious, and as far less 
obvious, Bs well as less evident, than the law of nature 
in its simple form. 

4. The Second Law of Motion. — When a body, in- 
stead of felling downwards from rest, is thrown in any 
direction, it describes a curve fine, till its motion is 
stopped. In this, and in all other cases in which a 
body describee a curved path in free space, its motion 
is determined by the Second Law of Motion. The law, 
in its general form, is as follows :— When a body ia 
thus cast forth and acted upon by a force in a direction 
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transverse to its motion, the result is, That Ih^re it 
eonAined unth the motion with whidi the body is thrown, 
rmolher motvm, eirxictly the same as l/uU which the 
same force wmdd have communicated to a body at rest. 

It will readily be understood that the basis of this 
law is the axiom already stated, that effects are mea- 
anred by their causea. In virtue of this axiom, the 
effect of gravity acting upcpn a body in a direction 
transverse to its motion, must measure the acceleratiye 
or deflective force of gravity under those circumstances. 
If this effect vary with the varying velocity ajid direc- 
tion of the body thus acted upon, the deflective force 
of gravity also will vary with those drcumstances. 
The more simple supposition is, that the deflective 
force of gravity is the same, whatever be the velocity 
and direction of the body which is subjected to its in- 
fluence : and this is the supposition which we hnd to 
be verified by facts. For example, a ball let Ml froic 
the top of a ship's upright maat, when she is sailing 
steadily forward, will fall at the foot of the mast^ just 
as if it were let GUI while the ship were at rest ; thus 
showing that the motion which gravity gives to the 
ball is compounded with the horizontal motion which 
the ball shares with the ship from the first. This 
general and simple conception of motions as com- 
pownded with one another, represents, it is proved, the 
manner in which the motion produced by gravity 
modiiies any other motion which the body may previ- 
ously have had. 

The discussions which terminated in the general re- 
ception of this Second Law of Motion among mechani- 
cal writers, were much mixed up with tlie arguments 
for and against the Copemiean system, which sj'stem 
represented the earth as revolving upon its axis. For 
the obvious argument against this ayatem was, that if 
each point of the earth's surface were thus in motion 
from west to east, a stone dropt from the top of a 
tower w^ould be left behind, the tower moving away 
from it : aad the answer was, that by this law of 
motion, the stone would have the earth's motion im- 
pressed upon it, as well as that motion which would 
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arise from its gravity to the earth ; and that the motion 
of the atone relative to the tower ■would thua be the 
same a§ if both earth and tower were at rest. Galileo 
further urged, as a presumption in favour of the opinion 
that the two motions, — -the circular motion arising 
from the rotation of the earth, and the downward 
motion arising from the gravity of the stone, would be 
compounded in the way we have described, (neither of 
them disturbing or diminishing the other,)- — that the 
first motion was in its own nature not liable to any 
change or diminution °, as we learn fi«m the First IJaw 
of Motion. Nor was the subject lightly diBmisaed, 
The experiment of the atone let fall from the top of 
the mast was made in various forms by Gaasendi ; and 
in his Epistle, Se Motu impreaao a Motore tranglato, 
the rule now in question is supported by reference to 
these experiments. In this manner, the general truth, 
the Second Law of Motion, was established completely 
and beyond dispute. 

But when this law had been proved to be true in a 
general sense, with such accuracy as rude experimenta, 
like those of Galileo and Gassendi, would admit, it still 
remained to be ascertained (supposing our knowledge 
of the law to be the result of experience alone,) whether 
it were true with that precise and rigorous exactness 
which more refined modes of experimenting could test. 
We BO willingly believe in the simplicity of laws of 
nature, that the rigorous accuracy of such a law, known 
to be at least approximately true, was taken for 
gi-anted, till some ground for suspecting the contrary 
should appear. Yet calculations have not been want- 
ing which might confirm the law as true to the last 
degree of accuracy. Laplace relates {Syst. du Monde, 
livre iv. chap. 1 6,) that at one time he had conceived 
it possible that the effect of gravity upon the moon 
might bo slightly modified by the moon's direction and 
velocity; and that in this way an explanation might 
be found for the moon's acceleration (a deviation of 
her observed from her calculated place, which long 
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perplexed mathematicians). But it was after some time 
discovered that tliis feature in the moon'a motion &. 
from another cause ; and the second Jaw of motion was 
confirmed as true in the most rigorous senaa 

ThuH we see that although there were arguments 
which might be urged in favour of thia law, founded 
upon the necessary relations of ideas, men became con- 
vinced of its truth only when it was verified and con- 
firmed by actual experiment. But yet in thia case 
ag^n, Bs in the former ones, when the law had been 
established beyond doubt or question, men were very 
ready to believe that it was not a mere result of obser- 
vation, — that the truth which it contained waa not 
deiived from experience, — that it might have beea 
assumed as true in virtue of reasoninga anterior to 
experience, — and that experiments served only to make 
the law more plain and intelligible, as visible diagrams 
in geometry serve to illustrate geometrical truths; our 
knowledge not being (they deemed) in mechanics, any 
more than in geometry, borrowed from the sensea It 
waa thought by many to be self-evident, that the efieot 
of a force in any direction cannot be increaaed or 
diminished by any motion transverse to the direction 
of the force which the body may have at the same 
time ; or, to express it otherwise, that if the motion of 
the body be compounded of a horizontal and vertical 
nkotion, the vertical motion alone will be afiected by 
the vertical force. This principle, indeed, not only 
has appeared evident to many persons, but even at the 
present day is assumed aa an axiom by many of the 
most eminent mathematicians. It is, for example, so 
employed in the Mimniqvs Cileate of Laplace, which 
may be looked upon as the standard of mathematical 
mechanics in our time; and in the Mecanique Arudy^ 
tique of Lagrange, the most consummate example which 
has appeared of subtilty of thought on such subjecta, as 
well as of power of mathematical generalization ° And 
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thus we have here another example of that circiun- 
stance which we have ulready noticed in speaking of 
the First Law of Motion, (Art 2 of this chapter,) and 
of the Law that Gravity is a uniform Torce, (Art. 3) ; 
namely, that the law, though historically established 
by experiments, appears, when once discovered and 
reduced to its most simple and general form, to be 
self-evident. I am the more desirous of drawing atten- 
tion to this feature in various portions of the history of 
science, inasmuch as it will be found to lead to some 
very extensive and important views, hereafter to be 
considered. 

5. Tlie Third Law of Motion — We have, in tha 
definition of Accelerating Force, a measure of Forces, 
BO far as they are concerned in producing motion. 
We had before, in speaking of the principles of statics, 
defined the measure of Foreea or Pressures, so far a^ 
they are employed in producing equihbriuin. But 
these two aspects of Force are closely connected; and 
we require a law which shall lay down the rule of 
their connexion. By the same kind of muacular exer- 
tion by which we can support a heavy stone, we can 
also put it in motion. The question then occurs, how 
is the rate and manner of its motion determined i The 
answer to this question is contained in the Third Law 
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of MctioD, and it is to ttiia effect : t^t the Momentum 
which anj pressuK produces in the mass in a ^vea. 
time is propurtional to the pressure. By Momentvxn 
is meant the product of the BUmbera which express 
the velocity and the ma^ of the bodj : and hesce, if 
Uie maes of the bod; be the same in the inslAiicea 
vhich we compare, the rale is, — That the vdoeity ii ma 
tke /oree uAieh produces it; and this la one <rf tite 
nmplest ways of expressisg the Third Law of Motion. 

In agreement with oar general plan, we have to 
I aekf What is the ground of this role I What is the 
'mplest and most satisfactory form to which we can 
reduce the proof of it? Or, to take an instance; if 
a double pressure be eserted against a given mss, so 
disposed as to be capable of motion, why must it 
produce twice the velocity in the same timef 

To answer this question, suppose the double pressure 
to be resolved into two single pressures: one of these 
will produce a certain velocity ; and the question is, 
why an equal pressure, acting upon the same maa^ 
will produce an equal velocity in addition to the 
former? Or, stating the matter otherwise, the ques- 
tion is, why each of the two forces will produce ita 
separate effect, unaltered by the simultaneous action 
of the other force? 

This statement of the case makes it seem to approach 
veiy near to such cases as are included in the Second 
Law of Motion, and therefore it might appear that 
this Third Law has no grounds distinct fi^>m the 
Second. But it must be recollected that the word 
Jbrce has a different meajiing in thin case and in that; 
in this place it signifies pressure; in the Btatement of 
the Second Law its import was acceleralioe or defiectina 
force, measured by the velocity or deflexion generHted. 
And thus the Third Law of Motion, so far as our 
reasonings yet go, appears to rest on a foundation 
different from the Second. 

Accordingly, that part of the Third Law of Motion 
which we are now considering, that the velocity gene- 
rated is as the force, was obtamed, in fact, by a separate 
train of research. The first exempllficatioa of this 
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law ■whicL ■waa studied by mathematiciana, was the 
motion of bodies upon inclined planes : for the force 
which urges a body down an inclined plane is known 
by statics, and hence the velocity of its descent waa to 
he determined. Galileo originally" in his attempts to 
solve this problem of the descent of a body down an 
inclined plane, did not proceed from the principle 
which we liave stated, (the determination of the force 
which acts down the inclined plane fiflm statical con- 
siderations,) obvious aa it may seem; but assumed, as 
we have already seen, a propoaition apparently far 
more precarious; — namely, that a body sliding down 
a smooth inclined plane acquires always the same 
velocity, so long as the verti^jal height faJlon through 
is the sama And this conjecture (for at first it waa 
nothing more than a conjecture) he confirmed by an. 
ingenious escperiment; in which bodies acquired or 
lost the same velocity by descending or ascending 
through the same height, although their paths were 
difierent in other respects. 

This was the form in which the doctrine of the 
motion of bodies down inclined planes waa at first 
preeented in Galileo's Dialogues on the Science of 
Motion. But his disciple Viviani was dissatisfied with 
the assumption thus introduced; and in succeeding 
editions of the Dialogueg, the apparent chasm in the 
reasoning waa much narrowed, by making the proof 
depend upon a principle nearly identical with the third 
law of motion as we have just stated it. In the proof 
thus added, 'We are agreed,' says the interlocutor", 
' that in a moving body the impetus, energy, momen- 
tum, or propension to motion, is as great as is the 
force or least resistance which suffices to sustain it;' 
and the impetus or momentum, in the course of the 
proof, being taken to be as the velocity produced in 
a given time, it is manifest that the principle so stated 
amounts to this; that the velocity produced is as the 
statical force. And thus this law of motion appears. 
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in the school of Galileo, to liave been suggested and 
established at first by experimetit, but aftoi-wards o 
firmed and demonstrated hy d, priori consideititionB. 

We Bee, in the above reasoning, a number of abstract 
terms introduced which are not, at first at least, very 
distinctly defined, ea impetus, moDtentum, &c. Of 
these, inomenlum has been selected, to express that 
quantity which, in a moving body, measures the stati- 
cal force impressed upon the body. This quantity is, 
as we have just seen, proportional to the TelocHy in 
a given body. It is also, in difierent bodies, propor- 
tional to the mass of the body. This part of the third 
law of motion follovra from our conception of matter 
in general as consisting of parte capable of addition. 
A double pressure m.ust be required to produce the 
same velocity in a double mass; for if the mass be 
halved, each half will require an equal pressure ; and 
the addition, both of the pressures and of the masses, 
will take place without dist\irbing the efleets. 

The measure of the quantity of matter of a body 
considered as afiecting the velocity which pressure 
produces ia the body, is termed its inertia, as we have 
already stated (c. t.) Inertia is the property by 
which a lai^e mass of matter requires a greater force 
than a small mass, to give it an equal velocity. It 
belongs to each portion of matter; and portions of 
inertia are added whenever portions of matter are 
added. Hence inertia is as the quantity of maiter; 
which is only another way of expressing this third 
law of niotion, so fitr as quantity of matter is con- 
cerned. 

But how do we know the quantity of matter of 
a, body? We may reply, that we take the weight aa 
the measure of the quantity of matter: but we may 
then be again asked, how it appears that the weight ia 
proportional to the inertia; which it must be, in order 
that the quantity of matter may be proportional to 
both one and the other. We answer, that this appears 
to be true experimentally, because all bodies fall with 
equal velocities by gravity, when the known causes of 
diiScrence are removed. The observations of tailing 
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e not susceptible of mucli exaotneas : 
but eKperiments leading to tbe saine result, and capa- 
ble of great precision, were made upon pendulums by 
Newton; as be relates in his Principia, Book ill. 
prop. 6. They all agreed, he says, with perfect accu- 
racy: and thus the weight and tie inertia are propor- 
tional in all cases, and therefore each proportional to 
the quantity of matter as measured by the other. 

The conception of inertia, as we have already seen 
in chapter v., involves the notion of action and re- 
action ; and thus the laws which involve inertia depend 
upon tbe idea of mutual causation. Tbe rule, that 
the velocity is as tbe force, depends upon tbe principle 
of causation, that the effect is proportional to the 
cause; the effect being here so estimated as to be con- 
sistent both with the other laws of motion and with 
experiment. 

But here, as in other cases, the question occurs 
again ; Is experiment really requisite for the proof of 
this law! K we look to authorities, we shall be not 
a little embEtrrassed to decide. D'Alembert is against 
the necessity of experimental proof. 'Why,' says 
he", 'should we have recourse to this principle em- 
ployed, at the present day, by everybody, that the 
force is proporfional to the velocity?.. . a principle 
resting solely upon this vague and obscure axiom, that 
tbe effect is proportional to the cause. We shall not 
examine her^' he adds, 'if this principle is necessa- 
rily true; we shall only avow that the proofs which 
have hitherto been adduced do not appear to ns unex- 
ceptionable : nor shall we, with some geometers, adopt 
it as a purely contingent truth; which would be to 
ruin the certojnty of mechanics, and to reduce it to 
be nothing more than an experimental science. We 
shall content ourselves with observing,' be proceeds, 
'that certain or doubtful, clear or obscure, it is use- 
less in mechanics, and consequently ought to be banished 
from the science.' Though D'Alembert rejects the 
third law of motion in this form, he accepte one of 
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equivaJent import, wbicJi appears to hiia to possess 
axiomatic certainty; and this procedure is in conaiat- 
ence with the course which he takes, of claiming for 
the scieuce of m.echaiiics more than mere experimental 
tnitL On the contraiy, Laplace considerB this third 
law as established by experiment ' Is the force,' he 
says'*, 'proportioned to the velocity) This,' he re- 
plies, ' we cannot know & priori, seeing that we are 
in ignorance of the nature of moving force ; we must 
therefore, for thia purpose, recur to experience; for all 
which is not a necessary coneeqaence of the few data 
we hare respecting the nature of things, is, for na, 
only a result of observation.' And again be says", 
' Here, then, we have two laws of motion, — the law 
of inertia [the first law of motion], and the law of 
force proportional to the velocity, — which are given 
by observation. They are the most natural and the 
most simple laws which we can imagine, and withoat 
doubt they flow from the very nature of matter; but 
this nature being unknown, they are, for us, only 
observed facts i the only ones, however, which Mechsr 
bIcs borrows from experience.' 

It will appear, I think, from the views given in this 
and several other parts of the present work, that we 
cannot with justice say that we have veiy ' few data 
respecting the nature of things,' in speculating con- 
cerning the laws of the universe; since aU the conse- 
quences which flow from the relations of our funda- 
mental ideas, nocessariiy regulate our knowledge of 
things, so far as we have any such knowledge, Nor 
can we say that the natiire of matter is unknown to 
us, in any sense in which we can conceive knowledge 
as poasibla The nature of matter is no more un- 
known than the nature of space or of number. In our 
conception of matter, us of space and of number, are 
involved certain relations, which are the necessary 
groundwork of our knowledge; and anything which is 
independent of these relations, is not unknown, but 
inconceivable. 
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It musfc be already clear to the reader, from the 
phraseology employed by these two eminent mathema- 
ticians, that the question respecting the formation of 
the third law of motion can only be solved by a careful 
consideration of what we mean by observation and 
experience, nature and matter. But it will probably 
be generally allowed, that, taking into account the ex- 
plfljiationa already offered of the necessary conditions 
of experience and of the conception of inertia, this law 
of motion, that the inertia is aa the quantity of matter, 
is almost or altogether self-evident. 

6. Aetiott and Jteactkm, are Equal in Moving 
Bodies. — When we have to consider bodies as acting 
upon one another, and influencing each other's motitms, 
the third taw of motion is still applied; but along 
with this, we also employ the general principle that 
action and reaction are equal and opposite. Action 
and reactioa are here to be understood as momentum 
produced and destroyed, according to the measure of 
action established by the Third Law of Motion : and 
the cases in which this principle is thus employed 
form so large a portion of those in which the third law 
of motion is used, that eome writers (Newton at the 
the head of them) have stated the equality of action 
and reaction as the third law of motion. 

The third law of motion being once established, the 
equality of action and reaction, in the sense of mo- 
mentum gained and lost, necessarily foUows. Thus, if 
a weight hanging by a string over the edge of a smooth 
level table draw another weight along the table, the 
hanging weight moves more slowly thtoi it would do if 
not so connected, and thus loses velocity by the con- 
nexion ; while the other weight gains by the connexion 
all the velocity which it has, for if left to itself it would 
rest. And the pressures which restrain the descent of 
the first body and accelerate the motion of the second, 
are equal at all instants of time, for each of these pres- 
sures is the tension of the string : and hence, by the 
third law of motion, the momentum gained by the one 
body, and the momentum lost by the other in virtue 
of the aetiou of this Btring, are equal And similar 
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I leaaontng may be employed in any other 
bodies are connected. 

The ca«e irhero one body does not posh or draw, 
bnt ttrike* another, appeared at Sirt to mechanical 
reaeonerB to be of a d^erent nature from the others; 
but a little conaideraticin was sufficient to show that a 
Uow is, in fiict, only a short and violent pressnre; imd 
that, therefore, the general rule of the equality of mo- 
mentum lost and gained applies to this aa w^ as to 
the other cases. 

Thus, in order to determine the case of the direct 
action of bodies upon one another, we require no new 
law of motion. The equality of action and reactaon, 
which enters necessarily into every conception of me- 
chanical operation, combined with the measure of action 
as given by the third law of motion, enables us to trace 
the consequences of every case, whether of preasure or 

7. If AlemberVa PriTidple. — But what wiU be the 
result when bodies do not act directly upon each other, 
but are vndirecily connected in any way by levers. 
Strings, pulleys, or in any other manner, so that one 
part of the system has a mechanical advantage over 
another! The result most still be determined by the 
principle that action and reaction balance each other. 
The action and reaction, being pressures in one sense, 
must balance each other by the Jaws of statics, for these 
laws determine the equilibrium of pressura Now 
action and reaction, according to their measures in the 
Third Law of Motion, are momentum gained and lost, 
when the action is direct; and except the indirect 
action introduce some modification of the law, they 
must have the same measure still. But, in fact, we 
cannot well conceive any modification of the law to 
take place in this case; for direct action is only one 
(the ultimate) case of indirect action. Thus if two 
heavy bodies act at different points of a lever, the 
action of each on the other is indirect; but if the two 
points come together, the action becomes direct. Hence 
the rule must be that which we have already stated ; 
for if the rule were f^se for indirect action, it would 
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also be faJse for direct action, for wliicli case we have 
shown it to be true. Ajid thua we obtain the geaeral 
principle, that in any system of bodies which act on 
each other, action and reaction, estimated by momen- 
tum gained ajid lost, balance each other according to 
the laws of equilibrium. This principle, wliicli is so 
general as to supply a key to the solution of all pos- 
fdhle mechanical problems, ia commonly called D'Alem- 
bert's Principle. The experimental proofs which con- 
vinced men of the truth of the Third law of Motion 
were, many or most of them, proofs of the law in this 
extended sense. And thus the proof of D'Alembert's 
Principle, both fi-om the idea of mechanical action and 
fiflm experience, ia included in the proof of the law 
already stated. 

8, Gorvn&don of Dyncmdcrd and Statical Principles. 
— The principle of equilibrium of D'Alembert just 
stated, is the law which he woold substitnte for the 
Third Law of Motion ; and he would thus remove the 
necessity for an independent proof of that law. In like 
manner, the Second Law of Motion is by some writers 
derived from the principle of the composition of statical 
forces; and they would thus supersede the necessity of 
a reference to experiment in that case. Laplace takes 
this course, and thus, as we have seen, rests only the 
First and Third Law of Motion upon experience. 
Newton, on the other hand, recognizes the same con- 
nexion of propositions, but for a different purpose; for 
he derives the composition of statical forces from the 
Second Law of Motion. 

The close connexion of these three principles, the 
composition of (statical) forces, the composition of (ac- 
celerating) forces with velocities, and the measure of 
(moving) forces by velocities, cannot be denied ; yet it 
appears to be by no means easy to supersede the neces- 
sity of independent proofs of the last two of these prin- 
ciples. Both may be proved or Ulustrated by experi- 
ment : and the experiments which prove the one are 
different from those which eatabliah the other. For 
example, it appears by easy calculations, that when we 
apply our prinicipiea to the oscillations of a pendulum, 
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tlie Second Law is proved t^ the foct, timt the oecOlft- 
tioDS take pUtie at the same rate in tuk east and tretX, 
»nd in a north and aoatb direction : under the ssme 
nmunstances, the Third Law is proved by onr finding 
that the lime of a smftll oecillation in proportional to 
tiie square root of the length <^ a pendulum; and 
tdmilar diSerences might be pointed out in other ex- 
periments, as to their bearing upon the one law ur 
the other. 

9. Mecliaakal Principles become gra^uall^ inore 
rimple arid more evideitL — I will again point out in 
genend two ctrcumetanoes which I have t\ieaAj 
noticed in pardcnlar cases of the laws of motion. — 
Traths are often at first assomed in a form which 
is fiu- fi-om being the most obvious or simple; — and 1 
truths once discovered are groduaUy simplified, ao as 
to assume the appearance of self-evident Iiniths. 

The former circumstance is cEemplificd in several of 
the instances which we have had to consider. "He 
aasumption, that a perpetual motion ie impossibly |r«- 
ceded the knowledge of the first law of mottou. The 
assumed equality of the velocities aequired down two 
inclined [Janes of the same height, was afterwards , 
reduced to the third law of motion by Galileo hiirijidf . , 
In the History", we have noted Huyghens's aseumptioa 
of the equality of the actual descent and potential 
ascent of the centra: of gravity: this was afterwaida | 
reduced t:^ Herman and the Bemonllis, to the stataoal 
equivalence of the solicitations of gravity and iJie | 
vicarious solicitations of the efiective forces whic& 
act on each point; and finally to the principle of 
D'AIembert, which asserts that the motions gained 
and lost balance each other. 

This early assertion of principles which now appear 
neither obvious nor self-evident, is not to be considered 
as a groundless assumption on the part of the discover' 
era by whom it was made. On the contrary, it is evi- 
dence of tlie deep sagacity and clear thought which were 
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requiait« in order to make such discoveries. For theBe 
resulta are really rigorous conaequeiices of the laws of 
motion in their amplest form ; and the evidence of 
them was probably present, though undeveloped, in 
the minds of tlie dwcoverers. We are told of geo- 
metrical students, who, by a peculiar aptitude of mind, 
perceived the evidence of Bome of the more advanced 
propositions of geometry without going through the 
introductory steps. We must suppose « similar apti- 
tude for mechanical reasonings, which, existing in the 
minds of Stevinus, G&lileo, !Newton, and Huyghens, 
led them to make those assumptions which linally 
resolved themselves into the laws of motion. 

We may observe further, that tte simpUcity and 
evidence which the laws of mechanics have at length 
assumed, are much favoured by the usage of words 
among the beet writers on such subjects. Terms whicli 
originally, and before the lawa of motion were fnlly 
known, were used in a very vague and fluctuating 
sense, wwe afterwards limited and rendered precise, 
so that assertions which at first appear identical prupo< 
sitions become distinct and impartant principles. Thus 
force, motion, TiwmenkLiti, are terms which were em- 
ployed, though in a loose manner, from the very 
outset of mechanical ^lecidation- And so long bs 
these words retained the vagueness of common lan- 
guage, it would have been a useless and barren truism 
to say that 'the momentum is proportional to the 
forc^' or that 'a liody loses as much motion as it 
communicates to another.' But when ' momentum' 
and 'quantity of motion' are defined to mean the 
product of mass and velocity, these two propositions 
immediately hecome distinct statements of the third 
law of motion and its consequences. In lite mtwmer, 
the assertion that ' gravity is a uniform force' was 
assented to, before it was settled what a iiniform force 
was; but this assertion only became significant and 
useiiil when that point had been properly determined. 
The statement that 'when different motions are com- 
municated to the same body their effects are com- 
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puiliiili^,' becomes the second law of motion, wliea 
wo define wliat composition of motions ia. Aad the 
aaiiie process may be obBerved in other caaea. 

And thus we see how well the form which science 
ultimately assumes ia adapted to simplify knowledge. 
The definitions which are adopted, and the terms 
which become current in precise senaes, produce a 
complete harmony between the matter and the form 
of our knowledge ; ao that truths which were at first 
unexpected and recondite, became familiar phrases, 
and after a. few generations sound, even to common 
ears, like identical propositions. 

I o. CotUroveray of the Measure of Force. — In the 
Histoiy of Mechanics", we have gJTen an account of 
the controversy which, for some time, occupied tie 
mathematicians of Europe, whether the forces of 
bodies in motion should bo reckoned proportional to 
the velocity, or to the square of the velocity. We 
need not here recall the events of this dispute; hut 
we may remark, that its history, as a metaphysical 
controversy, is remarkable in this respect, tbat it haa 
been finally and completely settled; for it is now 
agreed among mathematicians that both sides were 
right, and that the results of mechanical action may 
be expressed with equal correctness by means of n»o- 
mentum and of vis viva. It is, in one sense, aa 
lyAlerabert has said", a dispute about words; but 
we are not to infer that, on that account, it was 
fiivolous or useless; for such disputes are one prin- 
cipal means of reducing the principles of our know- 
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tedge to their utmost aimplicdty and clearness. The 
terms which are employed in the ecience of mechanics 
are now liberated for ever, in the minda of mathe- 
maticians, from that ambiguity which was the battle- 
ground in the war of the ms mva. 

But we may observe that the real reason of this 
controversy was exactly that tendency which we have 
been noticing; — the disposition of man to assume in 
his speculations certain general propOBitions as true, 
and to fix the sense of terms so that they shall fall iu 
with this truth. It was agreed, on all hands, that iu the 
mutual action of bodies the same quantity of force is 
always preserved ; and the question was, by which of 
the two measures this rule could best be verified. We 
Bee, therefore, that the dispute was not concerning 
a definition merely, but concerning a definition com- 
bined with a general proposition. Such a question 
may be readily conceived to have been by no means 
unimportant; uid we may remark, in passing, that 
such controversies, although they are commonly after- 
wards stigmatized as quarrels about words and defi.- 
nitions, are, in reality, events of considerable conse- 
quence in the history of science; since they dissipate 
all ambiguity and vagueness in the use of terms, and 
bring into view the conditions under which the fiinda- 
mental principles of our knowledge can be moat clearly 
and simply presented. 

It ia worth our while to pause for a moment on the 
prospect that we have thus obtained, of the advance 
of Iniowledge, as esemphfied in the histoiy of Me- 
chanics. The general transformation of our views 
from vague to definite, from complex to simple, frtmi 
unexpected discoveries to self-evideut truths, from 
seeming contradictions to identical propositions, is 
very remarkable, but it is by no means peculiar to 
our subject. The same circumstances, more or less 
prominent, more or less developed, appear in the 
history of other sciences, according to the point of 
advance which each baa reached. They bear upon 
very important doctrines respecting the prospects, the 
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limitSy and the vei^ nature of our knoidedgei And 
though these doctrineB require to be considered with 
reference to the whole body of science^ jet the pecoHar 
manner in which they are illustrated bj the sorrej of 
the history of Mechanics, on whioh we have just been 
emg&gedf appears to make this a conveni^it place for 
introducing them to the reader. 



CHAPTER Vni. 



Op the Pabadox of Universal pROFoarnoira 

) FROK EXFEHIENCE. 



I. XT waa formerly stated' that experience cannot 
J. establish any niuTersa] or necessary truths. The 
number of trials which we can make of any proposi- 
tion is necessarily limited, and observation alone cannot 
give U3 any ground of extending the inforence to 
untried cases. Observed &ct3 have no visible bond of 

a to discover such c 
acquire from a mere observation of facts, the right to 
assert that a proposition is true in all cases, and that 
it could not be otherwise than we find it to b& 

Yet, as wo have just seen in the history of the lawa 
of motion, we may go on collecting our knowledge 
from observation, and enlarging and simplifying it, tSl 
it approaches or attains to complete universaUty and 
seeming necessity. Whether the lawa of motion, as 
we now know them, can be rigorously traced to an 
absolute necessity in the nature of things, we have not 
ventured absolutely to pronounce. But we have seen 
that some of the most acute and profound mathema- 
ticians have believed that, for these taws of motion, or 
some of them, there was such a demonstrable necessity 
compelling them to be such as they are, and no other. 
Most of those who have carefully studied the princi- 
ples of Mechanics will allow that some at least of the 
primary laws of motion approach very near to this 
character of necessary trutJi ; and will confess that it 
would be difficult to imagine any other consistent 
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iwhuiiit) uf iiitidamental principles. And almost all 
HMthiiuintioiuiUJ will allow to these laws an absolute 
ttlkivuiiHiIity ; BO that w» may apply them without 
HM'Lil-lk' »r misgiviag, in cases the most remote from 
tituaa tu whioh our cxperieoce baa extended. What 
attdiaivtuer would fear to refer to the known laws of 
Uuiliuu, iu i-easoning concerning the double stars; al- 
tlujugh lh«e objects are at an inuneasnrably ramote 
illiWiUii from that Bolar ajBtem which has been tie 
iiiily Hfid of our observatioa of mechaoical &dsl 
W hut philosopher, in Bpeculating respecting a. magnetic 
diiid, ur a lutniniferaus ether, would hesitate to apply 
to it the mechanical principles which are applicable 
to fluids of known mechanical properties 1 'WTken we 
afttert that the quantity of motion in the worid camiot 
be iucr«aaed or diminished by the mutual actions of 
bodies, does not every mathematician feel convinced 
that it would be an unphilosophical restriction to limit 
Ihiit proportion to such modes of action as we have 
IHodI 

Yet no one can doubt that, in historical fdct, these 
laws were collected from experience. That such is the 
CHsc, is no matter of conjecture. We know the time, 
the persons, the circumstances, belonging to each step 
of Mch discovery. I have, in the History, given an 
luwount of these discoveries ; and in the previous 
chapters of the present work, I have further examined 
the nature and the import of the principles which 
were thus brought to light. 

Here, then, is an apparent contradiction. Experience 
It would seem, has done that which wo had proved 
that she cannot do. She has led men to propositions, 
universal at least, and to principles which appear to 
Home persons necessary. What ia the explanation of 
this contradiction, the solution of this paradox! Is it 
tme that Experience can reveal to us imiversal and 
necessary truths? Does she possess some secret virtae, 
some unsuspected power, by which she can det«ct 
connexions and consequences which we have declared 
to be out of her sphere! Can she see more than mere 
appearances, and observe more than mere lactsl Can 
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nhe penetrate, in some way, to tte nature of things^ — 
descend below the surface of phenomena to their causes 
and origins, bo aa to be able to say what can and what 
can not be; — what occurrences are partial, and what 
universal I If this be so, we have indeed mistaken 
her character and powera ; and the whole course of our 
reasoning becomes precarious and obscvu'e. But, then, 
when we return upon our path we* cannot find the 
point at which we deviated, we cannot detect the false 
atep in our deduction. It still seems that by experienee, 
etrictly so called, we cannot discover necessary and 
universal truths. Our senses can give us no evidence 
of a necessary connexion in phenomena. Our obser- 
vation must be limited, and cannot testily concerning 
anything which is beyond ite limits. A general view 
of our faculties appears to prove it to be impossible 
that men should do what the history of the mence of 
mechanics shows that they have done. 

2. But in order to try to solve this Paradox, let us 
again refer to the History of Mechanics. In the cases 
belonging to that science, in which propositions of the 
most imquestiooable universality, and most approach- 
ing to the character of necessary truths, {as, for instance, 
the laws of motion,) have been arrived at, what is the 
source of the asioraatic character which the propositions 
thus assume) The answer to this qneatiou will, we 
may hope, throw some light on the perplexity in which 
we appear to be involved. 

Now the answer to this inquiry is, that the laws of 
motion borrow their axiomatic character from their 
being merely interpretalions of the Axioms of Causa- 
tion. Those axioms, being exhibitions of the Idea of 
Cause under various aspects, are of the most rigorous 
universality and necessity. And so far as the laws of 
motion are exemplifications of those axioms, these laws 
must be no less universal and necessary. How these 
axiomB are to be understood ; — in what sense cau^e and 
effect, actum and reaction, are to be taken, experience 
and observation did, in fact, teach inquirers on this 
subject; and without this teaching, the laws of motion 
could never have been distinctly known. If two forces 
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I aet together, each must ptodooe its effect, hy Um 
axiom of caii^di«jij Hid, th«reforev the effects cf tibe 
MfMcate fwces nuul be coa^xnaidtd. Bat k loog 
CDune of diacaaBOD aaA eop^ment TnaA inatouet 

meo of w]iBt kind tliiaeoinpoaifum of forces is. AgaiB} 
action and reaetirai imiBt be eqoal; bat modi t^oo^it 
I and Bome trial were needed to dunr what aetiiM aod 
B. llioae metaphjsinans who enanitaated 
Xmm cff motion without reference to experioice, [vo- 
notmded only tnuAt laws as were Tsgue and inapplicable. 
Bat yet these pawHis mmufeated the iiidestniclihiB 
oonfictiaii, belonging to duiii'b speculative nature, that 
there exi«t Iaws of motion, that i^i, oniversal formulie, 
connecting the caoaea and effects when motion takea 
place. Those m€cliamcian8, again, who, observed &cta 
involving equilibriom and motion, and stated aoiiie 
narrow rules, without attempting to ascend to any 
universal and simple principle, obtained laws m) leas 
barren and useless tbut the metiq)hysicians; for they 
could not tell in what new cases, or whether in any, 
their laws would be verified; — they needed a nucie 
genei'al rule, to show them the limits of the rule th^ 
had discovered. They went wrong in each attempt to 
solve a new problem, because their interpretation eX 
the t«rms of the axioms, though tme, perhaps, in fxc~ 
tain ca«es, was not right in generaL 

Thus Pappus erred in attempting to interpret as a 
case of the lever, the problem of supporting a weight 
upon an inclined plane; thus Arlstotie erred in inter- 
preting the doctrine that the weight of bodies is the 
cause of their fall ; thus £epler erred in Lnterpretilig 
the rule that the velocity of bodies depends upon the 
force; thus Bernoulli* erred in interpreting the equa~ 
lity of action and reaction upon a lever in motion. In 
each of tliese instances, true doctrines, already esta- 
blished, (whether by experiment or otherwise,) were 
erroneously applied. And the error was corrected by 
fiirther reflection, which pointed out that another mode 
of interpretation was requisite, in order that the axiom 
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which was appealed to in each caae might retain its 
force in the moat genei-al sense. And in the reason- 
ings which avoided or corrected anch errors, and which 
led to substantial genera! truths, the object of the 
speculator always was to give to the acknowledged 
mmrimB which the Idea of Cause suggested, saoh a sig- 
nification as should be consistent with their uniyersal 
Talidity. The rule waa not accepted as particular at 
the outset, and ofterwarda generalized more and more 
widely; but from the very first, the universality of 
the rnle was assumed, and the question was, how it 
should be understood so aa to be universally true. 
At every stage of speculation, the law was regained as 
a general law. This was not an aspect which it gradu- 
aUy acquired, by the accumulating contributions of 
experience, but a feature of its original and native 
character. What should happen universally, experience 
might be needed to show ; but that what happened 
should happen univergaily, waa implied in the nature 
of knowledge. The universality of the laws of motion 
was not gathered from experience, however much the 
laws themselves might be so. 

3. Thus we obtain the solution of our Paradox, so 
far as the case before ua is concerned. The laws of 
motion borrow their /orvi from the Idea of Causation, 
though their fiwiter may be given by experience : and 
hence they possess a universality which experience can- 
not give. Thoy are certainly and universally valid; 
and the only question for observation to decide is, how 
they are to be understood. They are like general 
mathematical formulte, which are known to be ti-ue, 
even while we are ignorant what are the unknown 
quantities which they involve. It must be allowed, 
on the other hand, that so long as these formuln are 
not interpreted by a real study of nature, they are not 
only useless but prejudicial; filling men's minds with 
vague general terms, empty maxima, and unintelligible 
abstractions, which they mistake for knowledge. Of 
such perversion of the speculative propensities of man's 
nature, the world has seen too much in all ages. Yet 
wa must not, on that account, despise these foiins of 
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truth, since without them, no general knowledge is 
posailDle. Without general terms, and majcims, and ab- 
stractions, we can have no science, no speculation; hardly, 
indeed, consistent thought or the exercise of reason. 
The course of real knowledge is, to obtain Irom thought 
luid experience the right interpretation of our general 
terms, the real import of our maxims, the true gsne- 
ralizatioos which our abstractions involve. 

4. If it be asked, How Experience ia able to teach 
UB to interpret aright the general terms which the 
Axioms of Causation involve; — whence she derives the 
light which she is to throw on these general notions ; 
the answer is obvious ; — namely, that the relations of 
causation are the c(mditions of Experience; — that the 
general notions are exe/mplified in the particular cases 
of which she takes cognizanca The events which 
take place about us, and which ai'e the objects of our 
observation, we cannot conceive otherwise than as sub- 
ject to the laws of cause and effect. Every event most 
have a cause; — Every effect must be determined by 
its cause ; — these maxima are true of the phenomena 
which form the materials of our experience. It is pre- 
cisely to them, that th^e truths apply. It is in the 
world which we have before our eyes, that these pro- 
positions are universally verified; and it is therefore 
by the observation of what we see, that we must learn 
how these propositions are to be understood. Every 
feet, every experiment, is an example of these state- 
ments; and it ia therefore by attention to and fe- 
miliarity with facts and experiments, that we leara 
the signification of the expressions in which the state- 
ments are made; just as in any other case we leam 
the import of language by observing the 
which it is applied in known cases. Ex_ 
the interpreter of nature ; it being understood that she 
ia to make her interpretation in that comprehensive 
phraseology which is the genuine language of science. 

5. We may return for an instant to the objection, 
that experience cannot give us general tniths, since, 
after any numbOT of trials confirming a rule, we may 
for aught we can foresee^ have one which violates the 
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rule. When we tave se 
ground, we may see oii< 
same apparest circiuuBl 
1 experience teach 



<a B. thousand stones fall to the 
which does not fall under the 
mces. How then, it is asked, 
that all stones, rigorously 



speaking, will tall if unsupported? And to this 'v 
reply, that it is not true that we can conceive one 
stone to be suspended in the air, while a thousand 
others fall, without believing some peculiar cause to 
support it; and that, therefore, such a supposition 
forms no exception to the law, that gravity is a force 
by which aU bodies are urged downwards. Undoubt- 
edly we can conceive a body, when dropt or thrown, to 
move in a. line quite different from other bodies : thus 
a certain missile' used bj the natives of Australia, and 
lately brought to this country, when thrown from the 
Land in a proper manner, describes a curve, and rctuma 
to the place ftum whence it was thrown. But did any 
one, therefore, even for an instant suppose that the 
laws of motion are different for this and for other 
bodies? On the contrary, was not every person of a 
speculative turn immediately led to inquire how it was 
that the known causes which modily motion, the resist- 
ance of the air and the other causes, produced in thi^ 
instance so peculiar an effect? And if the motion had 
been still more unaccountable, it would not have occa- 
sioned any uncertainty whether it were consistent with 
the agency of gravity and the laws of motion. If a 
body suddenly alter its direction, or move in any other 
unexpected manner, we never doubt that there is a 
cause of the change. We may continue quite ignorant 
of the nature of this cause, but this ignorance never 
occasions a moment's doubt that the cause exists and 
is exactly suited to the effect. And thus experience 
can prove or discover to us general rules, hut she can 
never prove that general rules do not esist Anoma- 
lies, exceptions, unexplained phenomena, may remind 
us that we have much still to learn, but they can 
never make us suppose that truths are not universal. 
We may observe facts Jihat show us we have not fully 
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understood the meaning of our general laws, but we 
can never find facts which allow our laws to have no 
meanitig. Our experience is bound In by the limits of ! 
cause and effect, and can give us no information con- 
cerning any region where that relation does not prevaiL 
The whole serieti of external occurrences and object^ 
through all time and apace, exists only, and is con- 
ceived only, as Bubject to this relation ; and therefore 
■we endeavour in vain to imagine to ourselvea when and 
wheo'e and how exceptions to this relation may occur. 
The aasumptJun of the connexion of cause and effect is 
our experience, aa the recognition of the 
IS which espresB this connexion is eaaential to our 
knowledge 

6. I have thus endeavoured to explain in some mea- 
sure how, at leaat in the field of our mechanical 
knowledge, experience can discover universal truths, 
liough she cannot give them their imiversality ; and 
how such truths, though borrowing their form from 
our ideas, cannot be understood except by the actuaJ 
study of external natura And thus witii r^;ard to 
the laws of motion, and other fundamental principles 
of Mechouios, the analysis of our ideas and the history 
of the progress of the scieace well illustrate each other. 

If the paradox of the discovery of universal truths 
by experience be thus solved in one instance, a much 
wider question offers itself to us; — How iar the diffi- 
culty, and how iar the solution, are applicable to other 
subjects. It is easy to see that this question involves 
most grave and extensive doctrines with regard to the 
whole compass of human knowledge : and the views to 
which we have been led in the present Book of this 
work are, we trust, fitted to throw much light upon 
the genera] aspect of the subject. But after discus- 
sions so abstract, and perhaps obscure, aa those in 
which we have been engaged for some chapters, I 
willingly postpone to a future occaj ' 
tiou which may perhaps appear to most readers i 
recondite and difficult stiU. And we Lave, in fec^ 
many other special fields of knowledge to survey, 
before we are lad by the order of our subject, to 
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those general questions and doctrines, those antitheses 
brought into view and again resolved, which a view of 
the whole territory of human knowledge suggests, and 
by which the nature and conditions of knowledge are 
exhibited. 

Before we quit the subject of mechanical science we 
shall make a few remarks on another doctrine which 
forms part of the established truths of the science, 
namely, the doctrine of universal gravitation. 



CHAPTER IX 



Of the Ectablishmest or the Law of TTinTm^^ 
Gravitation, 



rriHE doctrine of aniTersal gravitation i 
X of so much, importance in the history of scdence I 
that vre shall not pass it by without a few remarks on | 
the nature and evidence of the doctrina 

I. To a certain esteat the doctrine of the attrac- 
tion of bodies according to the law of the invoke ■ 
square of the distance, exhibits in its progress among i 
men the same general features which we have noticed 
in the history of the laws of motion. This doctrine 
was maintained d priori on the ground of its sini- 
plicity, and was asserted positively, even before it was 
clearly understood: — notwithstanding this anticipa- 
tion, its establishment on the ground of &ct8 wb« 
a task of vast labour and sagacity; — when it had 
been so established in a general way, there occurred 
at later periods, an occasional Buspidou that it might 
be approximately true only: — these suspicions led to 
further researches, which, showed the rule to be 
rigorously exact: — and at present there are inatlie~ 
maticiau? who maintain, not only that it is true, 
but that it is a necessaiy property of matter. A very 
few words on each of these pointa will suffice. 

2. I have shown in the Hidtory of Science', that the 
attraction of the sun according to the inverse square 
of the distance, had been divined by BuUi^dus, 
Hooke, Halley, and others, before it was proved 
by Newton. Probably the reason which suggested 
this conjecture was, that gravity might be considered 
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aa a sort of emanation; and that ttua, like light or 
any other effect diffused from a center, it must follow 
the law just stated, the efficacy of the force being 
weakened in receding from the center, exactly in 
proportion to the apace through which it is diffused. 
It cannot be denied that auch a view appears to be 
strongly recommended by analogy. 

When it had been proved by Newton that the 
planets were really retained in their elliptical orbits 
by a central force, his cajculations also showed that 
the above-stated lavs of the force must be at least 
very approximately con'ect, since otherwise the aphelia 
of the orbits could not be so nearly at rest as they 
were. Yet wben it seemed as if tbe motion of the 
moon's apogee could not be accounted for without 
some nAv supposition, the It priori argument in iavour 
of the inverse square did not prevent Clairaut from 
trying the hypoUiesia of » amaU term added to that 
which expressed the ancient law ; but when, in order to 
test the accuracy of this hypothesis, the calculation of the 
motion of the moon's apogee was pushed to a greater 
degree of exactness th^i had been obtained before, it 
was found that the new term vanished of itself; and 
that the inverse square now accounted for the whole of 
the motion. And thus, as in the case of the second law 
of motion, the most scrupulous examination terminated 
in showing the simplest rule to be rigorously true. 

3. Similar events occurred in the history of another 
part of the law of gravitation ; namely, that the at- 
traction is proportional to the quantity of matter 
attracted. This part of the law may also be thus 
stated, That the weight of bodies arising from gravity 
is proportioiuil to thefr inertia; and thus, that the 
accelerating force on all bodies under the same cir- 
cumstances is the same. I^ewton made experiments 
which proved this with regard to terrestrial bodies; 
for he found that, at the end of equal strings, balls of 
all substances, gold, silver, lead, glass, wood, Ac, oscil- 
lated in equal times'. But a few years ago, doubts 
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arose unong the GermaD astronomers whether this 
law was rigorously true with regard to the plauetaiy 
bodies. Some calculations appeared to prove, that the> 
attraction of Jnpiter aa ahown by the pertorbatimiB 
vhich be produces ia the amall planets Juno, Veet^ 
and Pallas, was different &om the attraction whidi he 
exerts on his own satellites. Sor did there appear to 
these pbiloRopbers anything inconceivable in the suppo- 
sition that the attraction of a planet might be thoa 
elective. But when Mr. Airy obtained a more exact 
determination of the mass of Jupiter, as indicated bj 
his effect on his satellites, it was found that this so»> 
picion was unfounded; and that there was, 
case, no exception to the universality of the rule, that 
this coamioal attraction is in the proportion of the 
attracted mass. 

4. Again : when it had thus been shown thxC.ft 
mutual attiiiction of parts, according to the Llvt abore 
mentioned, prevailed throughout the extent of the solar 
system, it might still be doubted whether the same law 
extended to other regions of the universa It might 
have been perhaps imagined that each fixed star had 
its peculiar law of force. But the examination of the 
motions of double stars about each other, by the two 
Herschels and others, appears to show that these bodies 
desciibe ellipses as the planets do; and thus extends 
the law of the inverse squares to parts of the uni- 
verse immeasurably distant &om the whole solar sys- 

5. Since every doubt which has been raised wifii 
regard to the universality and accuracy of the law t£ 
gravitation, has thus ended in confirming the rule, it is 
not auqirizing that men's minds should have returned 
with additional force to those views which had at first 
represented the law as a necessary truth, capable of ; 
being eHtabliahed by reason alone. When it had been 
proved by Kewtnn that gravity ia really a vMiveraal 
attribute of matter as far a^ we con learn, his pupiki 
were not content without maintaining it to be an essen- 
tial quality. This is the doctrine held by Cotes i, 
preface to the second edition of the J'rim^ipia (1713) : 
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' Gravity,' he saya, ' is a primaiy quality of bodies, bb 
extension, mobiJity, and im[>eiietrabilitj are.' But 
Newton himself by no means vent so faj. In hia 
second Letter to Bentley (1693), he says, 'You some- 
times speak of graTity as esseniial and inherent to mat- 
ter; pray do not ascribe that notion to me. The cause 
of gravity,' he adds, 'I do not pretend to inow, and 
would take more time to consider of it.' 

Cotes maintains his opinion by urging, that we learn 
by experience that all bodies possess gravity, and that 
we do not leam in any other way that they are ex- 
tended, moveable, or solid. But we have already seen, 
that the ideas of space, time, and reaction, on which 
depend extension, mobility, and solidity, are not re- 
sults, but conditions, of experience. We cannot con- 
ceive a body except as extended ; we cannot conceive 
it to exert mechajiical action except with some kind 
of solidity. But so far as our conceptions of body 
have hitherto been developed, we find no difEculty in 
conceiving two bodies which do not attract each other. 

(), Newton lays down, in the second edition of the 
Principia, this 'Rule of Philosophizing' (book iii.); 
that 'The qusJities of bodies which cannot be made 
more or less intense, and which belong to all bodies on 
which we are able to make experiments, ore to be held 
to be qualities of all bodies in general.' And this Rule 
is cited in the -sixth Proposition of the Third Book of 
the Prindpia, {Cor. 2,} in order to prove that gravity, 
proportional to the quantity of matter, may be asserted 
to be a quality of all bodies universally. But we may 
remai'k that a Rule of Philosophizing, itself of preca- 
rious authority, cannot authorize us in aacribing uni- 
vers^tj' to an empirical result Geometrical and 
statical properties are seen to be necessary, and there- 
fore universal : but Newton appears disptjsed to assert 
a like universality of gravity, quite imconnected with 
any neceaaity. It would be a very inadequate state- 
ment, indeed a. fidse representation, of statical truth, if 
we were to say, that because every body which has 
hitherto been tried has heen, found to have a center of 
gravity, we venture to assert that all bodies whatever 



PHILOSOPHT OF THE MECHAKICiL 

have a cent«r of gTavitT. And if we «re erer oUe to 
assart the abeolnte muYerBalitj of the law of gisvits- 
tion, we shall have to rest this tmth upon the dearer 
development of oar ideas of mstter and force ; not apon 
a Kule of Fhiloeophbdii^ which, till oth^^ime proved, 
must be a mere role of prudence, and which tiie oppo- _ 
nent may refuse to admit J 

7- Other persms, instead of asserting gravitj to be I 
in its own nature essential to matter, have made hjpo- ^ 
thesea concerning some mechanism or other, t^ which 
this mutual attraction of bodies is produced*. Thos 
the Cartesians ascribed to a rortei the tendeut^ of 
bodies to a center ; Newton himself seems to have been 
disposed to refo" this t«adency to the elasticity of an 
ether i Le Sage propounded a curious hypothesis, in 
which this attraction is accounted for by the impulse 
of infinite streams of particles flowiog constantly 
through the univerae in all directions. In these q)ecu- 
ladons, the force of gravity is resolved into the preasure 
or imptdse of solids or fluids. On the other hand, 
hypotheses have been propounded, in which the solidity, 
and other physical qualities of bodies, have been ex- 
plained by representing the bodies as a collection of 
potnte, from which points, repulsive, as well as attrac- 
tive, forces emanate. This view of the constitutiim o£ i 
bodies was maintained and developed by Boscovich,.! 
and is hence termed ' Boscovich's Theory ;' and the dia- 1 
cussion of it will more properly come under our review I 
at a future period, when we speak of the qnestioB ^ 
whether bodies are made up of atoms. But we may 
observe, that Newton himself appears to have incUned, 
as his followers certainly did, to this mode of contem- 
plating the physical properties of bodies. In his Pre- 
fece to the Principia, after speaking of the central 
forces which are exhibited in cosmical phenomena, he 
sayR : 'Would that we could derive the other pheno- 
mena of Nature from mechanical principles by the 
same mode of reasoning. For many things move me 



so that 1 suspect all theae phenomena m^y depend upon 
certain forces, by wliicli the particles of bodies, through 
causes not yet known, are either impelled to each other 
and cohere according to regulai' figures, or are repelled 
and recede from each other ; which forces being un- 
known, philosophers have hitherto made their attempts 
upon nature in vain.' 

8. But both these hypotheses; — that by which 
cohesion and solidity are reduced to attractive and 
repulsive forces, and that by which attraction is reduced 
to the impulse and pressure of media; — flje hitherto 
merely modes of representing mechanical laws of 
nature ; and cannot, either of them, be asserted as pos- 
sessing any evident truth or peremptory authority to 
the exclusion of the other. This consideration may 
enable us to estimate the real weight of the difficulty 
felt in assenting to the mutual attraction of bodies not 
in contact with each other; for it is often urged that 
this attraction of bodies at a distance is an absurd sup- 
position. 

The doctrine is often thus stigmatized, both by 
popular and by learned writers. It was long received 
as a maxim in philosophy (as Monboddo informs ns'), 
that a body cannot act where it is not, any more than 
w}ien it is not. But to this we reply, that time ia a 
necessary condition of our conception of causation, in a 
different manner flvim space. The action of force can 
only be conceived as taking place in a succession of 
moments, in each of which cause and effect immedi- 
ately succeed each other: and thus the interval of 
time between a cause and its remote efTect is filled up 
by a continuous succession of events connected by the 
same chain of causation. But in space, there is no 
such visible necessity of continuity; the action and 
reaction may take place at a distance from each other; 
all that is necessary being that they be equal and 
opposite. 

Undoubtedly the existence of attraction ia rendered 
more acceptable to common apprehension by supposing 
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aomc intermediate macliiiierv, — a cord, or ro«l, or Qidd, 
— by Thich the forces may be conveyed, tram one pomt 
to anoth^. But snch images are raUier fitted to satisfy 
thoee prejadices which arise &om the earlier applicaticni 
of our ideas of forces tlian to exhibit the reai nature <if 
those ideaa If we suppose two bodies to pnll each other 
by me^iB of a rod or cord, we only sappose, in acMi- 
fion to those eqnal and opposite forces acting upon 1^ 
two bodies, (which forces are alone esaenti&l to matnal 
attraction) a certain power of resisting transvecse pres- 
sure at every point of the intermediate line: whicli 
additional supposition is entirely useless, and quite 
unconnected with the essential conditions of Uie caae. 
When the Newtonians were accused of intrudndng 
into philosophy an unknown cause which they termed 
aUractum, they justly replied that they knew as mudi 
respecting attraction as their opponents did about im- 
pnlite. In each case we have a knowledge of the eon- 
ception in question so far as we clearly apprehend it 
under the conditions of those axioms of mechanical 
causation which form the basis of our science on. such 
subject*). 

Having thus examined the degree of CPrtainty and 
generality to which our knowledge of the law of iini- 
Tenial gravitation has been carried, by the progress o( 
mechanical discovery and speculation np te the pre- 
sent time, we might pn>ceed to the other branches of 
science, and examine in like manner their grounds and 
conditions. But before we do this, it will be worth 
our while to attend for a moment to the effect which 
the progress of mechanical ideas among mathranati- 
cians and mechanical philosophers has produced npon 
ike minds of other persons, who share only in an 
indirect and derivative maimer in the influence of 
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CHAPTER X. 



I. "X^^E liave seen how the progress of knowledge 
tV upon the subject of motion and force has 
produced, in the course of the wortd'a history, a great 
change in the minda of acute and Hpecuiative men ; so ' 
that such peraona can now reason with perfect steadi- 
ness and precision upon subjects on which, at first, 
their thoughts were vague and confused ; and can ap- 
prehend, as truths of complete certainty and evidence, 
laws which it required great labour and time to dis- 
cover. This complete development and dear manifea- 
tation of mechanical ideas has taken place only among 
mathematiciiins and philosophers. But yet a progress 
of thought upon such subjects, — an advance from the 
obscui-e to the clear, and from errour to truth, — may 
be traced in the world at large, and among those who 
have not directly cultivated the exact sciences. This 
diffused and eoUateral influence of science manifests 
itself, although in a wavering and fluctuating manner, 
by various indications, at various periods of literary 
history. The opinions and reasonings which are put 
forth upon mechanical subjects, and above all, the 
adoption, into common language, of terms and phrases 
belonging to the prevalent mechanical systeiiis, exhibit 
to na the most profound discoveries and speculations 
of philosophers in their efiect upon more common 
and famihar trains of thought This effect is by no 
means unimportant, and we shall point out some 
examples of such indications aa we have mentioned. 

3. The discoveries of the ancients in speculative 
mechanics were, as we have seen, very scanty; and 
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hardly extended their influence to the iinmathematical 
world. Yet the familiar use of tlie term ' center of 
gravity' pr^erved and suggested the most important 
part of what the Greeks hod to t«ach. The other 
phrases which they employed, as momertlimt, energy, 
■oirtue, force, and the lite, never had any esaot mean- 
ing, even among mathematiciana ; and thei'efore never, 
in the ancient world, became the meana o 
juat habitfl of thought. I have pointed 
History of Science, several circumatanees which appear 
to denote the general confiision of ideas which prevailed 
upon mechanical subjects during the times of the Ro- 
man empira I have Uiere taken as one of the examples 
of this confusion, the fable narrated by Pliny and 
others concerning the echineis, a small fish, which was 
said to stop a ship merely by sticking to it'. This 
story was adduced as beti-aying the absence of any 
steady apprehension of the equality of action and re- 
action ; since the fish, except it had some immoveable 
obstacle to hold by, must be pulled forward by the 
ship, aa much as it pulled the djip backward. If the 
writers who speak of tiis wonder had shown any per- 
ception of the necessity of a reaction, either produced 
by the rapid motion of the fish's fins in the water, or 
in any oljier way, they would not be chai^eabie with. 
this confusion of thought; but from their expressions 
it is, I think, evident that they saw no such necessity'. 
Their idea of mechanical action was not s\if6ciently 
distinct to enable them to see the absurdity of suppos- 
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ing an intense pressure with ao obetacle for it to exert 
itseif against 

3. We may trace, in more modem times also, indi- 
cations of a general ignorance of mechanical truths. 
Thus the phrase of shooting at an object ' point-blank,' 
implies the belief that a cannon-ball describes a path 
of which the first portion ia a sti-aight line. This 
errour was corrected by the true mechanical principles 
which Galileo and his followers brought to Ught; but 
these principles made their way to popular notice, 
principally in consequence of their application to the 
motions of the solar system, and to the controversies 
which took place respecting those motions. Thus by 
fer the most powerful argument against the reception 
of the Copermcaa system of the universe, was that of 
those who asked. Why a stone dropt from a tower was 
not left behind by ike motion of the earth J The 
answer to this question, now universaOy familiar, in- 
volves a reference to the true doctrine of tJie compo- 
sition of motions. Again ; Kepler's persevering and 
fltrenuous attempts' to frame a physical theory of the 
universe were frustrated by his ignorance of the first 
law of motion, which Lnforma us that a body will 
retain its velocity without any maintaining force Ho 
proceeded upon the supposition that the sun's force 
was requisite to keep up the motion of the planets, as 
well as to deflect and modify it ; and he was thus led 
t« A system which represented the sun as carrying 
round the planets in their orbits by means of a vortex, 
produced by his revolution. The same neglect of the 
laws of motion presided in the formation of Descartes' 
system of vortices. Although Descartes had enunci- 
ated in words tlie laws of motion, he and his followers 
showed that they had not the practical habit of refer- 
ring to these mechanical principles; and dared not 
trust the planets to move in free space without some 
surrounding machineiy to support them*. 
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4, Whou »l last malhematicians, following Newton, 
hftil Vfutiirisi W funsiiler the motion of each planet tis 
iwiWuiwU i>roblMn not different in ita nature from 
i;tv> uwtiyn rf a stone cast from the hand; and when 
tKv i>Mlutti>u of this problem and its immense conse- 
(^utuiiH>H hitd bticome matters of general notoriety and 
Uileiiiet; the new views inbviduced, as is usnal, new 
hiruu^ which soon became extensively current. We 
Qiiut with such phrases as ' flying off in the tangent,' 
. lUkd ' defltixi>>n from the tangent;' with antitheses be- 
\ MfiKoa ' OMitripetal ' and ' centrifugal force,' or betwaoi 
" Spivjectile' and ' ceaiteal force.' 'Centera of ibroe,' 
' uiatoi'Liing forces,' ' perturbations,' and ' perturbationa . 
of hi^h«>r orders,' arc not unfrequently spoken of: and 
the expression <to gravitate,' and the term 'universal 
gravitation,' acquired a permanent plaee in the laji- 
guas«. 

Yet for a long time, and even up to tlie present day, 
wo tiud many indications that falae and confused »p- 
[U'eheuaions on such subjects are by no means extij^ 
pateil Arguments are urged against the mechanical 
^yulum of the univei^, implying in the opponents an 
absbiiue of all clear mechanical notions. Many of thiH 
ulasd of writers retrograde to Kepler's point of view. 
Thia is, for example, the case with Ixird Monboddo, 
who, arguing on the assumption that force is requisite 
to maintain, as well as to deflect motion, prodnoed a ■ 
aeries of attacks upon the Newtonian philosophy ; 
which he inserted in his Ancient Melaphygica, pub- 
Uahed in 1 7 7 9 and the succeeding years. This writer 
(like Kepler), measures force by the velocity which the 
body Ads', not by that which it gains. Such a use of 
laik^iage would prevent our obtaining any laws of mo- 
tion at all. Accordingly, the author, in the very next 
page to that which I Imve jnst quoted, abandons this 
, Measure of force, and, in curvilinear motion, measures 
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force by 'ihe fall from the extremity of the arc.' 
Again; ia his objections to the received theory, he de- 
nies that curvilinear motion is compounded, aithoiigh 
his own mode of considering such motion asHumes this 
composition, in the only way ia which it was ever 
intended by mathematiciaoB. Many more instances 
might be adduced to show that a want of cultivation 
of the mechanical ideas rendered thia philosopher in- 
capable of judging of a mechanical system. 

The foUowing extract fi-om the Ancient Metaphysicg, 
may be sufficient to show the value of the author's 
criticism on the subjects of which we are now speak- 
ing. His object is to prove that thei-o do not exist a 
centripetal and a centrilugal foixie in the case of ellip- 
tical motion. ' Let any man move in a circular or 
elliptical line described to him; and he will find no 
tendency in himself either to the center or from it, 
much less both. If indeed he attempt to make the 
motion with great velocity, or if he do it cftrelesaly and 
inattentively, he may go out of the line, either towardfl 
the center or from it : but thia is to be ascribed, not to 
the nature of the motion, but to our infirmity ; or per- 
haps to the animal form, which is more fitted for pro- 
gressive motion in a right line than for any kind of 
curvilinear motion. But this is not the case with a 
sphere or spheroid, which ia equally adapted to motion 
in all directiona".' We need hardly remind the reader 
that the manner jp which a man running round a 
small circle, finds it necessary to lean inwards, in order 
that there may be a centripetal inclination to counter- 
act the ceutriiugai foroe, ia a standard example of our 
mechanical doctrines; and thia fact (quite femiliar in 
practice as well as theory) is in direct contradiction of 
Lord Monboddo's assertion. 

5. A. similar absence of distinct mechanical thought 
appears in some of the most celebrated metaphysicians 
of Germany. I have elsewhere noted' the opinion ex- 
pressed by Hegel, that the glory which belongs to 
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r kw beat vajvMj taaAmi to Nevton; a^ 
I X lisre soggerted, is die ezphnatian ot tbia mode of 
ttmkiag, tbmt H^d tiinMwJf) is tbe kiMwl«ige of ne- 
«fcwriral tradt, bad not advanced bejomd Eefdo'a 
pmst of Twv. PenoDB who pones eoaoef^ons of 
■pace and number, but irho hare not leantt to deal 
with ideas of fince and canaation, mav see mos* Tahe 
in Uie diacorenes at E^Jer than in dioae of Nevton. 
AnoUier eKempUfica&m of Uiis state of ntiiul m^ be 
fonndin Profa«or Scbelling's ^leciilations; forimUuio^ 
iu hte L«rlura on Ihe Method of Aeadtmieal Study. In 
the twelfth Lecture, on tlie study of Pluses and CSie- 
nuHtiy, he Bays, (p. 266,) 'What tJie mathemafical 
natural philos<iphy has done for the knowledge of the 
hiwB of the univenie since the time that they were di&- 
Gorered hj bis (Kepler's) godlike genius, is, as is well 
known, this: it has attempted a construction of those 
laws which, according to its foundations, is altogether 
emjnricaL We may aasnme it as a general ml^ Uiat 
in any proposed construction, tliat which is not a pure 
general form cannot have any scientific import or 
tmtk The foundation from whjch the centrifi^al mi>- 
tion of the bodies of the world is derived, is no neces- 
saiy form, it ia an empirical fact. The Newtonian 
attractive force, even if it be a necessary asmimptioa 
for a merely reflective view of the subject, is still of no 
HgniGcance for the Eeason, which recognizes only 
altsulute relationa. The grounds of Jbc Keplerian laws 
can be derived, without any empirical appendage 
purely &om the doctrine of Ideas, and of the two Uni- 
ties, which are in themselves one TTnify, and in virtue 
of which each being, while it is absolute in itself ie at 
the Slime time in the absolute, and reciprocally.' 

It will be observed, that in this passage our mecha- 
nical lawa are objected t« because they are not neces- 
sary results of our idea«; which, however, as we hare 
seen, according to the opinion of some eminent me- 
chanical philoBophers, they are. But to assume this 
evident necessity as a condition of every advance iu 
scnence, is to mistake the last, perhaps unatt^uable 
step, for the first, which lies before our feet And, 
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without inquiring fiu-ther about ' the Docti-ine of the 

two Unities,' or the manner in which from that doc- 
trine we may deduce the Keplerian laws, we may be 
well convinced that such a doctrine cannot supply any 
sufScient reason to induce ua to quit- tho inductive 
path by which all acientific tmth up to the present 
time has been acquired. 

6. But without going to schools of philosophy op- 
posed to the Inductive School, we may fijid many loose 
Mid vague habits of thinking on mechanical subjects 
among the common claaaea of readers and reasoners. 
And there are some lamiliar modes of employing the 
phraseolt^ of mechanical science, which are, in a cer- 
tain degree, chargeable with inaccuracy, and may pro- 
duce or perpetuate coniufdoru Among such cases we 
may mention the way in which the centripetal and 
centidfUgal forces, and also the projectOe and central 
forces of the planets, are often compared or opposed. 
Such antitheses sometimes proceed upon the i^lse no- 
tion that the two members of these pairs of forces are 
of the same kind : whereas on the contrary the projec- 
tile force is a hypothetical impulsive force which may, 
at some former period, have caused the motion to 
begin; while the central force is an actual force, which 
must act continuously and during the whole time of 
the motion, in order that the motion may go on in the 
curve. In the same manner the centrifugal force is 
not a distinct force in a strict sense, but only a certain 
result of the first law of motion, measured by the por- 
tion of centripetal force which counteracts it, Com- 
parisons of quantities so heterogeneous imply confusion 
of thought, and often suggest baseleas speculations and 
imagined reforms of the received opinions. 

7. I might point out other terms and maxims, in 
addition to those already mentioned, which, though 
formerly employed in a loose and vague manner, are 
now accurately understood and employed by all jnst 
thinkers; and thus secure and diffuse a right nndei"- 
stonding of mechanical truths. Such are momeniuTn, 
inertia, quamtity of matter, quamiity of tnotion; that 
force ia proportional to its effeeU; that action and 
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rtaciioH are equal; that Khat ii gmned in fart 
nun^hinery u htt in lime; thai the quanlily of n 
in ihe world eatinot be either incrtattd or dimmuAed. 
When the cxpreauon of ihe trath thna becomes easy 
and siniple, clear and conTincing, the meanings ginen 
to words and phrases by discorerera glide into tJie 
habitual texture of men's reasonings, and the effect <^ 
the establishment of true mechanic principles is fdt 
far from the school of the mechanician. If these terms 
am! mairims are understood with tolerable clearness, 
they carry the infiuence of truth to those who have no 
direct access to it« sources. Many an estravagant pro- 
ject in practical machinery, and many a wild hypo- 
thesis in speculative physics, has been repressed by 
the general currency of such tniLtiinii aa we have just 
quoted. 

8. Indeed so familiar and evident are the ele- 
mentaiy truths of mechanics when expressed in this 
simple form, that th«y are received as tmiems; and 
men are disposed to look back with surprise and scam 
at the speculatdoDS which were carried on in neglect of 
them. The most superficial reasouer of modem tLm.es 
thinkti himself entitled to speak with contempt and 
ridicule of Kepler's hypothesis concerning the physical 
causes of the celestial motions ; and gives himself credit 
for intellectual superiority, because he sees, as self- 
evident, what such a man could not discover at alL It 
is vrell for such a person to recollect, that the real cause 
of his superior insight is not the pre-eminence of hia 
&cultieB, but the successfiil labours of those who have 
preceded him. The languiige which he has learnt to 
use unconsciously, has been adapted to, and moulded 
on, ascertained trutha. When he talks fimiliarly of 
"accelerating forces" and "deflexions from the tan- 
gent," he is assuming that which Kepler did not know, 
and which it cost Ga.]iloo and his disciples so much 
labour and thought to establish. language is often 
called an instrument of thought; but it is also the 
nutriment of thought; or rather, it is the atmosphere 
in which thought Htbh : a medium essential to the 
activity of our speculative power, although invisible 
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and imperceptible iii itii operation; and s 
modifying, by its qualitiea and changes, tlie growth and 
complexion of the faculties which it feeds. In this way 
the influence of preceding discoveries upon subsequent 
ones, of the past upon the present, is most penetrating 
and universal though most subtle and difficult to traca 
The moat familiar words and phrasea are connected by 
imperceptible ties with the reaaonings and discoyeriea 
of former men. and distant times. Their knowledge is 
an inseparable part of oura; the present generation in- 
herits and uses the Boientific wealth of all the past 
And this is the fortune, not only of the great and rich 
in the intellectual world: Bf those who have the key 
to the ancient storehouses, and who have accumulated 
treasures of their own; — but the humblest iaq\urer, 
while he puts his reaaoninga into words, benefita by the 
labours of the greatest discoverers. When he counts 
his little wealth, he finds that he has in his hands coins 
which bear the image and superscription of ancient and 
modem, intellectual dynasties; and that in virtue of 
.this possession, acquisitions axe in his power, solid 
knowledge within his reach, which none could ever 
have attained to, if it were not that the gold of truth, 
once dug out of tlie mine, cii-culates more and more 
.widely among mankind. 

9. Having BO fuUy examined, in the preceding in- 
stances, the nature of the progi-eas of thought which 
science implies, both among the peculiar cultivators of 
science, and in that wider world of general culture 
which receives only an indirect influence from scien- 
tific discoveries, we shall not find it necessaiy to go 
into the same extent of detail with regard to the other 
provinces of human knowledge. In the case of the 
Mechanical Sciences, we have endeavoured to show, 
not only that Ideas are requisite in order to fnmt into 
a science the Facta which nature offers to us, but that 
we can adv^ance, almost or quite, to a complete identi- 
fication of the Foots with the Ideas. In the sciences 
to which we now proceed, we shall not seek to fill up 
the chasm by which Facts and Ideas are separated; 
but we shall endeavotir to detect the Ideas which our 
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IcBVwledgB mvolna, to Aam liov esMBtial tfane an; 
wad in Kane rapecta to tnee the node ia which IImt 
hATeheca giwhtillj derdoped antoi^ kkh. 

lOu ^le MrtiniMi of the hcKTOilj bodies their lav^ 
their ntmtn. aie "fifg tlie >Dbjecta of the first divi- 
men of tite Hecfuauad Sciaiccs; and of these aoanee* 
we fano^jT itetdied the hartoiT, and hkve bow cndna 
Toored to exhUnft the phOoaojihf . If we woe to 
take any other dan tit motiMM, lAew' laws ani eauiia 
mi^t pve rise to saenees frfudi wooid be medumca] 
aciettoes in esactljr the wme sense in which Phjacal 
Aatronomy is to. The |rftatom^ia of magnets, of elec- 
trical bo^ee, of gahanical ^iparstoa, ae^u to fbim 
obnoftt ataiteriais tc^ soch aoences; and if thej were ao 
treated, the pluloeophj ot sadi Inancfaes of knowledge 
would DBtmall? come imdra' our considcrBtioD at this 
point of our progress. 

Bat on looking more attentirelj at the sdoices of 
Slectrici^, Magnetiam, and Galvanism, we diacovieT 
cogent reasons for trsosferring them to anoliier pari of 
OUT arrangement; we find it advisable to associate thean 
with Chenustiy, and to discnas their principles when 
we can connect them wiUi the principles of chemical 
science; For though the first steps and narrower gene- 
ralizationH of these sciences depend upon mechanical 
ideas, the highest laws and widest generalizations which 
we can reach respecting them, inrolve chemical rela- 
tions. The progrea of these portions of knowledge is 
in some respects opposite to the pi'ogress of Phj'sidal 
Astronomy. In this, we begin with phenomena which 
appear to indicate peculiar and various qualities in 
the bodies which we consider, (namely, the heavenly 
bodiee,) and we find in the end that all these qualities 
resolve themselves into one common mechanical pro- 
perty, which exists alike in ell bodies and parts of 
t)odies. On the contrary, iu studying magnelacal and 
electrical laws, we appear at first to have a single ex- 
tensive pheuomenon, attraction and repulsion: but in 
our attfimpts to generalize this pbenomenoii, we find 
that it is governed by conditions depending upon soin»- 
thing quite separate from the bodies themselves, upon 
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the presence and distribution of peculiar aad transitoiy 
agencies; and, so far as we can discover, the general 
laws of these agencies are of a chemical nature, and are 
brought into action by paouliar properties of special 
substances. In coamical phenomena, everything, in pro- 
portion aa it is referred to mechanical principles, tends 
to simplicity,— to permanent uniform forces, — to one 
common, positive, property. In magnetical and elec- 
trical appearances, on the contrary, the application of 
mechanical principles leads only to a new complexity, 
which requires a new explanation; and this explana- 
tion involves changeable and various forces, — grada- 
tions and oppositions of qualities. The doctrine of the 
universal gravitation of matter is a simple and ultimate 
truth, in which the mind can acquieace and repose. 
We rank gravity among the mechanical attributes of 
matter, and we see no necessity to derive it from any 
ulterior properties. Gravity belongs to matter, inde- 
pendent of any conditions. But the oonditiims of 
magnetic or electrical activity require investigation as 
much as the laws of their action. Of these conditionj 
no mere mechanical explanation can be given; we are 
compelled to take along with us chemical propertira 
and relations also : and thus magnetism, electricity, 
galvanism, are mee}ianieo-ehe7n,iGal gciences. 

II. Before considering these, therefore, I shall 
treat of what 1 shall call Secondarj/ Mechanical 
Sciences; by which expression I mean the sciences 
depending upon certain qualities which our senses dis- 
cover to us in bodies; — Oplieg, which has visible phe- 
nomena for its subject; Acomtics, the science of hear- 
ing; the doctrine of 3eiU, a quality which our touch 
recognizes : to this last science I shall take the liberty 
of sometimes giving the name TJiermoUes, analogous to 
the nanies of the other two. If our knowledge of the 
jihenomena of Smell and Taate had been successfully 
cultivated and systematized, the present part of our 
work would be the place for the philosophical discus- 
sion of those sensations as the subjects of science. 

The branches of knowledge thus grouped in one 
class involve conunon Fundamental Ideas, from which 
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are denred m a node analogoai^ at 
least in a certain degree^ to the mode in viiicii iiie 
princi{4eB of the mechanical fldeneeB aie denred fion 
the fandimfntal ideas of carnation and reaction. We 
proceed liow to consder these Fimdamental Idea8» 
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HdffxovTOi ydp ri tov aladrjTLKOv ylverai t6 bpS^' inr* adrov 
fibf ovp TOV bpwfihov x/^c6juaros &b{vo.TOVf Xdverai Zk inro rod 
jttCTa^iJ, c3<rT* ivayKoibv ti elvai. fiera^^ Kevov ZkyevofUvov o&x, 
5ti d/c/)ij3u)s, dXX* 6\(as oidkv b(pdi^eTai, 5t* ^v fih oft» oXtIom r6 
Xpct^Ata dvayKcuop iv (puyrl bpoLadoL, etprjrai. vvp hk iy &fjuf>ow 
bparaL, koI h (TKbret. koI bf (pcjrl, Kal tovto i^ &vdyKrjs' r6 ykp 
Siatpcufks inrd to&tov yiveraL bia^avis. b 8* aMs \byos Kal irepl 
}J/b4>ov Kal bfffi^s iffrlv' o^Obf yb.p abrQp b.irrbii€»ov tov aiadrjTrif^ov 
TTOiet T^v atffOrjffiu, dXX* ifiro p-h 6(Tp/fls Kal xf/btpov rd p.€Ta^if 
Kiveirai, ifvo 8i to&tov tQp alffdrjn/jpLuv iKdrepov &rap 8* hr* ai5r6 
Tts iviOy rd alffdTjTi/ipiov rd r/zoipovv rj t6 iJfw, oiSefilajf aXaOrj^tp 

Abistot. De Anima, n. 7, 



BOOK IV. 



THE PHILOSOPHY OF THE 8EC0NDAKY 
MECHANICAL SCIENCES. 



CHAPTER I. 



Of the Idea of a Medium i 

EMPLOYED. 



1. Of Primary wnd Seconda/ry Qualities. — In the 
same way in ■which the mechanical sciences depend 
iipon the Idea of Cause, and have their principles 
regulated by the development of that Idea, it will bo 
found that the sciences which have for their subject 
Sound, Light, Mid Heat, depend for th&ir principles 
upon the Fun4amental Idea of Media by means of 
which we perceive those qualities. Like the idea of 
cause, this idea of a medium is unavoidably employed, 
more or less distinctly, in the common, unscientific 
operations of the understanding; and is recognized as 
an express principle in the earliest speculative essays 
of man. But here also, bs in the case of the mechani- 
cal sciences, the developTOcnt of the idea, and the eata- 
bliflhment of the scientific truths which depend upon 
it, was the business of a succeeding period, and was 
only executed by means of long and laborious researches, 
conducted with a constant reference to experiment and 
observation. 

Among the most prominent manifestationB of the in- 
fluence of the idea of a medium, of which we have now to 
apeak, is the distinction of the qualities of bodies into 
primary, and aeeondary qualities. This distinction has 
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been constantly epoken of in modem timoa: yet tt lias 
often been a subject of discussion among metapby- 
sicianB whether there be really sach a distinction, and 
what the true difference is. Locke states it thus' : 
Original or Primary qualities of bodies arc 'such ss 
ftre utterly inseparable from the body in what estate 
soeyer it may be, — such as sense constantly finds in 
every particle of matter which has hulk enough to be 
perceived, and the mind finds inseparable from, every 
particle of matter, though less than to make iteelf 
singly perceived by our senses:' and he enumerates 
them as solidity, extension, figure, motion or rest, and 
number. Secondary qualities, on the other hand, are 
such 'which in truth are nothing in the objects them- 
selves, but powers to produce various sensations in us 
by their primary qualities, i.e. by the bulk, figur^ 
texture, and motion of their insensible parts, as 
colours, sounds, tastes, Ac' 

Dr. Reid*, reconsidering this subject, puts the difFer- 
ence in another way. There is, he says, a real foun- 
dation for the disUnction of IVimary and Secondary 
qualities, and it is this : ' That our senses give VM a 
direct and distinct notion of the primary qualities, and 
inform us what they are in themselves; but of the 
secondary qualities, our senses give us only a relative 
and obscure notion. They inform us only that they 
are qualities that affect us in a cei-tain manner, that is, 
produce in us a certain sensation; but as to what 
they are in themselves, our senses leave us in the 

Dr. Brown' states the distinction somewhat other- 
wise. We give the name of Matter, he observes, to that 
which has extension and resistance ; these, therefore, 
are JE'rimary qualities of matter, because they compose 
our definition of it All other qualities are Secondary, 
since they are ascribed to bodies only because we find 
them associated with the primary qualities which form 
our notion of those bodies. 
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It ia not neoeHSary to criticize veiy strictly these 
various distinctions. If it were, it would be easy to 
find objections to them. Thiia Locke, it may be ob- 
served, does not point out any reason for believing 
that his secondary qualities arc produced by the pri- 
mary. How are we to leam that the colour of a rose 
arises from the bulk, figure, texture, and motion of its 
particles? Certainly our senses do not teach us this; 
and in what other way, on Locke's principles, can we 
leam it) Beid's statement is not more &ee from the 
same objection. How does it appear that our notion 
of Warmth is relative to our own sensations more than 
our notion of SoHdity? And if we take Brown's ac- 
count, we may atill ask whether our sdection of certain 
qualities to form our idea and definition of Matter 
be arbitrary and without reason? If it be, how can 
it make a real distinction? if it be not, what is the 
reason? 

I do not press these objections, because I believe 
that any of the above aceounte of the distinction of 
Prirtuiry and Secondary qualities ia right in the main, 
however imperfect it may be. The differeuee between 
such qualities as Exteniuon and SoHdity on the one 
hand, and Colour or Fragrance on the other, is as- 
sented to by aU, with a conviction so firm aud inde- 
structible, that there must be some iundameutal prin- 
ciple at the bottom of the belief, however difficult it 
may be to clothe the principle in words. That suc- 
cessive efforts to expi-ess the real nature of the differ- 
ence were made by men so clear-sighted and acute 
as those whom I have quoted, even if none of them 
are satisfactory, shows how strong and how deeply- 
seated is the perception of truth which impels us to 
such attempts. 

The most obvious mode of stating the difierence of 
Primaiy and Secondary qualities, as it naturally ofiers 
itself to speculative minds, appears to be that em- 
l>loyed by Locke, slightly modified. Certain of the 
qualities of bodies, as their hulk, figure, and motion, 
are perceived immediately in the bodies themselves. 
Certain other qualities as sound, colour, heat, are per- 
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o«iv*l by means of some medium. Our conTicti<Hi 
Ihikt tlii» ^ "'*' °*^ >a Bpontaneous and irreaistible ■ 
wid Ihia diflVrence of qutditiea immediately and medi- 
aUily peiv-eived la tte diatinction of Primary and 
Seoomlary qualities. We proceed ftutber to examine 
thw oouviction. 

a, Ths Idea of Etetemalilt/.—lu reaaoniag conoem- 
iiig the Secondary Qualities of bodiea, ire aw led to 
uaaunie the bodies to be external to ua, and to be per- 
Wiived by meam of some Medium intermediate between 
UA xad tliem. These aasumptions are foudamenta] 
oonditions of perception, inseparable from percqttioii 
even in thought, 

Th*t objects are eietemai to us, that they aremtAoMt 
us, that they have ovimas, is as clear aa it ia that 
these words have any meaning at all. This conriction 
ia, indeed, involved in the exerciae of that &culty by 
which we perceive all things aa existing in space; fi» 
by this iaeultj we place ourselves and other objecte in 
one common space, and thus they are exterior to ua. 
It may be remarked that this apprehension of obiiectB 
aa external to us, although it assumes the idoi of 
wace, ia iar from being implied in the idea of ^lace. 
The objects which we contemplate are considered as 
existing in space, and by that means become invested 
with certain mutual relations of position; but when 
ve consider them an existing without us, 've make the 
additional step of supposing ourgelveg and the objecta io 
exist in one common space. The question reelecting 
the Ideal Theory of Berkeley has been mixed up with 
the recognition of this condition of the extemtdity of 
objects. That philosopher maintained, as ia well known, 
that the perceptible qualities of bodies have no exist- 
ence except in a perceiving mind. This sytitem has 
often been understood as if he bad imagined the world 
e a kind of optical illusion, like the images which 
iee when we fiiut our eyes, appearing to be with- 
Lxnit ua, though they are only in our organs; and thus 
\ tius Ideal System haa been opposed to a. belief in an 
■'Wttemal world. In truth, however, no such opposition 
The Ideal System is an attempt to explain tie 
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mental process of perception, and to get over tte diffi- 
culty of mind being affected by matter. But tbe author 
of diat syatein did not deny that objects were per- 
ceived under the conditions of apace und meobonical 
causation; — that they were eccUmal and material so 
far as those words describe perceptible qualities. Berke- 
ley's system, however' visionary or erroneous, did not 
prevent his entertaining views as just, concerning optica 
or acoustics, aa if he had held any other doctrine of 
the nature of perception- 

But when Berkeley's theory was understood as a 
denial of the existence of objects without us, how was 
it answered i If we examine the answers which are 
given by Reid and other philosophers to this hypothe- 
sis, it will be found that they amount to this: that 
objects are without us, since we perceive that they are 
bo; that we perceive them to be external, by the same 
act by which we perceive them to be objects. And 
thus, in this stage of philosophical inquiry, tho ex- 
ternality of objects is recognized as one of the inevit- 
able conditions of our perception of them ; and hence 
the Idea of Estemality is adopted as one of the neoea- 
aaiy foundations of all reasoning concerning all objects 
whatever. 

3. Sensation by a Medium. — Objects, as we have 
just seen, are necessarily apprehended aa without us; 
and in general, as removed fixtm us by a great or small 
distanca Yet they affect our bodily senses; and this 
leads «H irresistibly to the conviction that they are 
perceived by means of something intermediate. Vision, 
or hearing, or smell, or the warmth of a fire, must be 
communicated to us by some Medium of Sensation. 
This unavoidable belief appears in all attempts, the 
earliest and the latest alike, to speculate upon such 
subjects. Thus, for instance, Aristotle says', ' Seeing 
takes place in virtue of some action which the sen- 
tient organ suffers ; now it cannot suffer action from 
the colour of the object directly: the only remftin- 
e then is, that it is acted upon by a 
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interFening Mediumj tliere nuiBt then be an interver 
ing Mediuni,' ' And the same may be said,' 
' concerning Bounding and odorous bodies; for these d 
not produce sensation by touching the sentient c 
but the intervening Medium is acted on by the w 
or the Bmell, and the proper organ, by the Medium.,, 
In sound the Medinm is air; in smell we hare at 
name for it.' In the sense of taste, the necessity of a 1 
Medium is not at £rst so obviously seen, because the 
object tasted ia brought into contact with the organ; 
but a little attention convinces us that the taste of a 
solid body can only be perceived when it is convsyed 
in some liquid vehicla Till the fruit is crushed, and 
till its juices are pressed out, we do not distinguish ita 
flavour. In the case of heat, it is still more clear that 
we are compelled to suppose some invisible fluid, or 
other means of communication, between the distant 
body which warms ua and ourselves. d 

It may appear to some persons that the a3sumpti<Mi 1 
of an intermedium between the object perceived and 
the sentient organ results from the principles which. 
form the basis of owr mechanical i-eaeonings, — tJiat 
every change must have a cause, and that bodies can 
act upon each other only by contact. It cannot be 
denied that this principle does offer itself very naturally 
as the ground of our belief in media of sensation; and 
it appeara to be referred to for this purpose by Aris- 
totle in the passage quoted above. But yet we c 
but ask, Does the principle, that matter produt 
eflect by contact only, manifestly apply Lerel Whcraf 
we so apply it, we include sengaiion among the ^ 
which material contact produces; — a caa 
from any merely mechanical effect, that the principle j 
so employed, appears to acquire a new signification. 1 
May we not, then, rather say that we have here a ne^ 
axiom,- — That sensation implies a material cause im 
mediately acting on the oi^an, — than a new applies 
tion of our former proposition,— That all mechanical J 
change implies contact? 

The solution of this doubt is not of any mate 
consequence to our reasonings; for whatever be i 
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ground of the assumption, it ia certain that wo do 
assume the existence of media by which the sensationa 
of sight, hearing, and the like, are produced; and it 
■will be seen shortly that principles iuHeparably con- 
nected with this assumption are the baais of the 
sciences now before us. 

This assumption makes its appearance in the physi- 
cal doctrines of all the schools of philosophy. It is 
ejchihited perhaps most prominently in the tenets of 
the Epicureans, who were materialists, and extended 
to all kiads of causation the axiom of the existence of 
a corporeal mechanism by which alone the effect ia 
produced. Thus, according to them, vision is pro- 
duced by certain im^es or material films which flow 
from the object, strike upon the eyes, and so become 
sensible. This opinion is urged with great detail and 
eamestnesa by Lucretius, the poetical expositor of the 
Epicurean creed among the Komans. His fundamen- 
tel conviction of the necessity of a material medium is 
obviously the basis of hla reasoning, though he attempts 
to show the exiatence of such a medium by facts. Thus 
he argues', that by shouting loud we make the throat 
Bore; which shows, he says, that the voice must be 
material, so that it can hurt the passage in coming out. 

Haud igitur dubium est quin tocob Terbaqne canatent 
Corporeis e prmcipiia ut tedere poaaint. 

4. The Process of Perception of Secondary Quali- 
ties. — The likenesses or representatives of objects by 
which they affect our senses were called by some 
writers apeeies, or sensible gpecies, a term which con- 
tinued in use till the revival of science. It may 
be observed i^at the conception of these species as 
films cast off from the object, and retaining its shape, 
was difierent, as we have seen, irora the view which 
Aristotle took, though it has sometimes been called 
the Peripatetic doctrine". We may add that the 
expreaaion was latterly applied to express the suppo- 
sition of an emanation of any kind, and implied little 
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^MMttMRilb*t supiwsitioa of a '. 
„u <K'« niMfftkiutt' Thiifi Bacon 

' ■• ■•omid, says', ' Videntur motua a 

■■('iiUes: ita enim loquendum donee cer- | 
■ 1 iiivematiir.' 

. ™ ..^ii '.W rimdamental principlea of aeveral » 
^kuiMwi M^ii t lio aasuniption of a Medium of Perception, 
tjff'-' iitrtiK'lulea do sot at all depend upon any special 
«Umi vT ^v ri'OCeas of our perceptioua. TLe mectuuuBia 
i,iV *h»* itfuOHM is a curious subject of couBideration ; 
tmt tt WliHiM to physiology, more properly than either 
V uu>tt^>liyMas, OF to those branchoa of physics of 'which 
ityi luv uow speakiiig. The general nature of the pro- 
MjM i* *'"' tiame for all the aenses. The object affects 
tM ii|>)ut>|>riB.te intermedium; the medium, through 
^fif |Mv)H<r organ, the eye, the ear, the nose, affects the 
tUKVW uf tbe particular sense; and, by these, in some 
^K^^li Hi« Bcnsation is conveyed to the mind. But to | 
UVMt t''<' vnvpT-esgion. upon the nervea as the act o 
wUuii wliich we have to consider, would be to mistake J 
\>tU' •.'Itiuol^t which is not the constitution of the human 4 
^V , l>Ut of the human mind. It would be to mistake J 
uuv link of the chain, for the power which holds the 1 
iltul ''f *l'e chain. No anatomical analysis of the oor* J 
utuxitl conditions of vision, or hearing, or feeling warm, J 
(k DMiosaary to the sciences of Optics, or Acoustics, o 
'liHkiM'iiiotica. 

Not only ia this physiological research an extraneoiU;| 
wurt of our subject, but a partial pursuit of such i 
a^vh may mislead the inquirer. We perceive object^l 
tm means of certain media, and hy msanis of a ' 
twiproBsiona on the nerves: but we cannot with pro- 
uriHty say that we perceive either the media or the 
lUtiireesiona on the nerves. What person in the act of 
iMUItg is coDscioos of the little coloured spaces on the 
kUiih! or of the motions of the bones of the auditory 
mpparatus whilst he is hearing) Surely, no one. This 
KU^ appear obvious enough, and yet a writer of no 
.Wniuon acutenesa. Dr. Brown, has put forth several 

' Hilt S(m. et And. vol. U. p. 
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very strange opinions, all resting upon the doctrine 
that the coloured spaces on the retina are the objects 
which we perceive; and there axe some supposed diffi- 
culties and paradoxes on the same subject which have 
become quite celebrated (as upright vision with in- 
verted images), arising from the same confusion of 
thought. 

As the consideration of the difficulties which have 
arisen respecting the Philosophy of Perception may 
serve still further to illustrate the principles on which 
we necessarily reason respecting the secondary quali- 
ties of bodies, I shall here devote a few pages to that 
subject. 



CHAPTER II. 



1. 'Y/l/'E cannot doubt tLat we perceive all secondaiyB 

W qualjtiea by means of immediate impreaaioDa 
made, through the proper medium of seuBation, upoO:! 
our organa. Hence all the aenaea ate soi 
vaguely spoken of as modifications of the sense (mm 
feeling. It will, however, be seen, on reflection, that if 
this mode of speaking identifies in words things which 
in cm" conceptions have nothing in common. No ii 
pression on the organs of touch can be conceived OB-I 
having any resemblance to colour or smolL No effort J 
no ingenuity, can enable us to describe the imp 
of one sense in terms borrowed from another. 

The senses have, however, each ite peculiar powers, m 
and these powers may be in some respects compared, eoM 
as to show their leading resemblances and diff 
and the characteristic privileges and laws of each. | 
This is what we shall do as briefly as possible. 

Sect. I. — Prerogatives of Sight. 

The sight distinguishes colours, as the hearing distin-l 
guishea tones; the sight eatimatea degrees of brightness ■ 
the ear, degrees of loudness ; but with several reeen 
blancea, there are most remarkable differences betwee 
these two Benses, 

2. Poaition. — The sight has this peculiar pnToga- 
tive, that it apprehends the place of its objects directiy 
and primarily. We see where an object is at the same 
instant that we see what it is. If we see two objects, 
we see fcheir relative position. We cannot help pei^ J 
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ceiiTDg that one ia above or below, to the right or to 
the left of the other, if we perceive them at all. 

There is nothing cop^aponding to this in sound. 
When we hear a noiae, we do not necessarily assign a 
place to it It may easily happen that we cannot tell 
from which side a thunder-clap comes. And though 
we often can judge in what direction a Toice is heard, 
this is a matter of secondary impression, and of infer- 
ence from concomitant circumstance^ not a primary 
fact of sensation. The judgments which we form con- 
cerning the position of sounding bodies are obtained 
by the conscious or unconscious comparison of the im- 
pressions made on the two ears, and on the bones of 
the head in general ; they are not inseparable con- 
ditions of hearing. We may hear sounds, and be 
uncertain whether they are ' above, aronnd, or under- 
neath!' but the moment anything visible appears, how- 
ever unexpected, wo can say, 'see where it comeal' 

Since we can see the relative position of things, we 
can sefijigure, which is but the relative position of the 
different parts of the boundary of the object And 
thus the whole visible world exhibits to us a scene of 
various shapes, coloured and shaded according to their 
form and position, but each having relations of position 
to all the rest; and altogether, entirely fillin g up the 
whole range which the eye can command. 

3. Disla-ace. — The distance of objects from ns is 
no matter of immediate perception, hut is a judgment 
and inference formed from our sensations, in some- 
thing of the same way as our judgment of position 
by the ear, though more precise. That this is so, 
was most distinctly shown by Berkeley, in Ilia JVew 
Theory of Vision. The elements on which we form our 
judgment are, the effort by which we fix both eyes on 
the same object, the effort by which we adjust each eye 
to distinct vision, and the known forms, colours, and 
parts of objects, as compared with their appearance. 
The right interpretation of the information whicli 
these circumstances give us respecting the true dis- 
tances and forms of things, is gradually learnt by ex- 
perience, the lesson being begun in our earUest infancy, 
and inculcated upon us every hour during which we 
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use our eyes. The completeneaa with which the 
is learnt is truly adiuimble; for we forget tlutt 
concluBioit is obtained iudirectty, and mista^ a jodg-: 
ment on evidence for an intuitive perception. Thi^ 
however, is not more surprizing than the rapidi'^ and' 
unconsciousness of effort with which we understaod' 
the meaning of the speech that we hear, or the boo] 
that we road. In both coses, the habit of interpreter-^ 
tion is become na familiar as the act of perception. 
And this is the case with regard to vision. We see 
the breadth of the street as clearly and readily 
see the house on the other side of it. We si 
house to be square, however obliquely it he presented 
to us. Indeed the difficulty is, to recover the con- 
sciouBneea of our real and originaj sensations; 
discover what is the apparent relation of the lineS' 
which appear befoi-e us. As we have already Bai< 
(book ii. chap. 6) in the common process of visioa 
we suppose ourselves to see that which cannot 
seen; and when we would make a picture of an object^! 
the difficulty is to represent what is visible and 

But perfect aa is our habit of interpreting what 
perceive, we could not interpret if we did not perceiveb' 
If the eye did not apprehend visible position, it could 
not infer actual position, which is collected from visible 
position as a consequence ; if we did iiot see apparent 
figure, we could not arrive at any opinion concerning 
real form. The perception of place, which is the ' 
prerogative of the eye, is the basis of all its other 
superiority. 

The precision with which the eye can judge of appa- 
rent position is remarkable. If we had before us two 
stars distant from each other by one-twentieth of the 
moon's diameter, we could easfly decide the apparent 
direction of the one frwm the other, aa above or below, 
to the right or left Yet eight millions of stars mighi 
be placed in the visible hemisphei'e of the sky at such' 
distances from each other; and thus the eye would 
recognize the relative position in a portion of its rangdil 
not greater than one eight-millionth of the wholf 
Such is the accuracy of the sense of vision in thii 
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respect; and, indeed, we might with tmth have stated 
it much higher. Om' judgment of the position of dis- 
tant objects in a landscape depends upon features far 
more minute than the magnitude we have here de- 
scribed. 

As our object ie to point out principally the differ- 
ences of the senses, we do not dwell upon, the delicacy 
with which we distinguish tints and shades, but pro- 
ceed to another sense. 



Sect. II. — PrerogativeB of Hearwig. 

The sense of hearing has two remarkable prerogatives; 
it can perceive a definite and peculiar relation between 
cci-tain tones, and it can clearly perceire two tones to- 
gether ; in both these circumstances it ia distinguished 
from vision, and from the other senses. 

4. MvMctd intervale. — We perceive that two tones 
have, or have not, certain definite relations to each 
other, which we call Concords : one sound is a MJih, 
anOcftwe, &c, above the other. And when this is the 
case, our perception of the relation is extremely pre- 
cise. It is easy to perceive when a fifth is out of tune 
by one-twentieth of a tone ; that is, by one-seventieth 
of itself. To this there is nothing analogous in vision. 
Colours have certain vague relations to one another; 
they look well together, by contrast or byreseniblance; 
but this is an indefinite, and in most cases a casual and 
variable feeling. The relation of complementeoT/ co- 
lours to one another, an of red to green, is somewhat 
more definite ; but still, has nothing of the exactness 
and peculiarity which belongs to a musical concord. 
Id the case of the tvro sounds, there is an exact point 
at which the relation obtains; when by altering one 
note we pass this point, the concord does not giiuiually 
fade away, but instantly booomea a discord ; and if ive 
go fiiri^her still, we obtain another concord of quite a 
different character. 

We leam from the theory of sound that concords 
occur when the times of vibration of the notes have 
exact simple ratios; tm odave has these times as i to 

TOL. I. X 
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a ; a. fifth, as 2 to 3. According to tLe luidulatoiy 
theory of light, Buch ratios occur in colours, yet the 
eye ie not affected by them in any pecuJiai" way. The 
times of the uudiilatioiis of certain red and certain 
violet rays are as 3 to 3, but we do not perceive any 
peculiar harmony or connexion between those colonrs. 

5. Chordt. — Again, the ear has this prerogative 
that it can apprehend two notes together, yet distinct. 
If two notes, distant by a fifth &om each other, are 
sounded on two wind instruments, both they and their 
musical relation ai-e clearly perceived. There ia not a 
mixture, but a. concord, a musical interval. In colours, 
the case is otherwise. If blue and yellow fall on the 
Bame spot, they form green; the colour is simple to the 
eye ; it can no more be decomposed by the vision than 
if it were the simple green of the prismatic spectrum I 
it ia impossible for uB, by sight, to tell whether it isao 

These are very remarkable differences of the two 
senses; two colours can be compounded into an appar- 
reutJy simple one; two sounds cannot: colours paw 
into each other by gradations and intermediate tints; 
sounds pass from one concord to another by no grada- 
tions; the moat intolerable discoi-d ia that which is 
near a concord. We shall hereafter see how theas 
differences affect the aades of sound and of colour. 

6. Khythmi. — We might remark, that aa we see 
objects in apace, we hear sounds in time; and that we 
thus introduce an arrangement among sounds whidi' 
has several analogies with the arrangement of ol 
in space. But the concepti<Hi of time does not 
to be peculiarly connected with the sense of bearing;, 
a faculty of apprehending tone and time, or in muait»l'' 
phraseology twne and rhythm, are ceitainly very 
tinct I shall not, therefore, here dwell upon aaoM 
analogies. 

The othor Senses have not any peculiar prerogative^ 
at least none which bear on the formation of sciences 
I may, however, notice, in the feeling of heat, this' 
circumstance; that it presents us with two oppoaitea^ 
heat and cold, which graduate into each other. Tl ' 
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is not (juite peculiar, for vision also exhibits to ua 
white and black, which are clearly oppositea, and 
which pass into each other by the ahadea of gray. 

Sect. III. — The Paradoxes of Virion. 

7. First Paradox of Tision. Upright Visi^m. — 
Alt our aensea appear to have this in common ; — That 
they act by means of organs, in which a bundle of 
nerves receives the impression of the appropriate 
medium of the aense. In the construction of theso 
organs there are great differences and peculiarities 
corresponding, in part at least, to the differences in 
the information given. Moreover, in some cases, as 
we have noted in the caae of audible position and 
visible distance, that which seems to be a perception 
is really a judgment founded on perceptions of which 
we are not directly aware. It will be seen, therefore, 
that with respect to the pecuUar powers of each sense, 
it may be asked; — whether they can be explained by 
the construction of the peculiar organ; — whether they 
are acquired judgments and not direct perceptions; — 
or whether they are inexplicable in either of these 
ways, and cannot, at present at least, be resolved into 
anything but conditions of the intetleotual act of 
perception. 

Two of these questions with r^ard to vision, have 
been much discussed by psychological writers : the 
cause of our seeing objects upright by inverted images 
on the retina; and of our seeing single with two such 
images. 

Physiologists have very completely explained the 
exquisitely beautiful meclianism of the eye, considered 
as analogous to an optical instrument; and it is in- 
disputable that by means of certcun transparent lenses 
and humours, an inverted image of the objects which 
are looked at is formed upon the retina, or fine net- 
work of nerve, with which the back of the eye is 
lined. We cannot doubt that the impression thus 
produced on these nerves is essential to the act of 
viaion; and so &r as we consider the nerves thenir 
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selves to feel or perceive by contact, we may say that 
they perceive this image, or the affections of light 
which it indicates. But we cannot with, any propriety 
say that vx perceive, or that our mind perceives, this 
image ; for we are not conscious of it, and none bat 
anatomiata are aware of its existence : we perceive by 
means of it. 

A d^culty has been raised, and dwelt upon in a 
most unaccountable manner, arisijjg from the n€^ect 
of this obvious distinction. It has been asked, how 
is it that we see an object, a man for instance, upright^ 
when the immediate object of our sensation, the image 
of the man on our retina, is inverted J To this W« 
must answer, tbat wo see him upright beca/itie the 
image ia inverted ; that the inverted image is tiie 
necessary means of seeing an upright object. This is 
granted, and where then is the difficulty^ Perhaps it 
may be put thus : How is it that we do not judge the 
ninn to be inverted, since the sensible image is sol To 
this we may reply, that we have no notion of upright 
or inverted, except that which ia fotinded on experience), 
and that all our experience, without exception, must 
have tBught us that such a sensible image belongs to ft 
Tnan who is In an upright position. Indeed, the con- 
trary judgment is not conceivable; a man ia upright 
whoso head is upwards and bia feet downwards. But' 
what are the sensible images of upwards and doion- 
warda ? Whatever be our standard of up and down, 
the sensible representation of up will be an image 
moving on the retina towarda the lower side, and t£e 
sensible representation of down, will be a motion to- 
wards the upper aide. The head of the man's image 
is towarda the image of the sky, its feet are tovrarda, 
the image of the ground ; how then should it appeal* 
otherwise than upright ! Do we expect that the 
whole world should appear inverted ? Be it so : but 
if the whole be inverted, how is the relation of the 
parts altered 1 Do we expect that we should think 
our own persons in particular inverted I This cannot 
be, for we look at them as we do at other objectB, 1 
Do we expect tbat things should appear to &11 op^fl 
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WM^B 1 Surely not For what do we know of up- 
wards, except tliiit it is the direction in -which bodies 
do not fall i In sliort, the whole of this difficulty, 
though it has in do small degree embarrassed meta- 
phyaiciana, appears to result from a veiy palpable 
Goniusion of ideas; from an attempt at comparison 
of what we see, with that which the retina feels, as 
if they were separately presentable. It ia a sufficient 
exphmation to say, that we do not see the image on 
the retina, bat see by -means of it. The perplexity 
does not require mudi more skill to disentangle, than 
it does to see that a word written in black ink, may 
signify white'. 

8. Second Paradox of Virion. Single Visum. — 
(1.) Small or I>isttm,t Objects. — The other difficulty, 
why with two images on the retina we see only one 
object, is of a much more real and important kind. 
This effect is manifestly limited by certain circum- 
stances of a very precise nature ; for if we direct our 
eyes at an object which ia very near the eye, we see 
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ail other object* double. The fiict ia not, therefi»^ 
that ve are incapable of receiving two improBaioQB 
from the two images, but tiiat, under certain coa- 
ditions, the two impreafdons form one. A little atteit- 
tion shows us that theae conditions are, that with both 
eyee we should look at the same object; and again, we 
'find that to look at ao object with either eye, is to 
direct the eye bo that the image ialla on or near a 
particular point about the middle of the retina. Thus 
ihese middle points in the two retinas correspond, and 
we aee an image single when the two images MI on 
the corresponding jKiinta. 

Again, as each eye judges of position, and as the 
two eyes judge similarly, an object will be seen in the 
same place by one eye and by the other, when the two 
images which it produces are gimilarly situated with. 
regard to the eoiTesponding potnls of the retina'. 

This is the Law of Single Vision, at least bo far as 
regards small objects; namely, objects so small that in 
eontemplatiag them we consider their position only, 
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and not their Holid dlmenaiaiis. Single viaioa in auch 
a a, result of the law of vision simply : and it ia 
& mistake to call in, as soroe have done, the influeuco of 
habit and of acquired judgments, in order to determine 
the result in such caaee. 

To ascribe the apparent ^.ngleness of objects to the 
impressions of viaion corrected by the experience of 
touch^, would be to assert that a. person who had not 
J the liftbit of handling what he saw, would see 
all objecta double; and also, to assert that a. person 
b(^nning with the double world which vision thua 
offers to him, would, by the continued hahit of han- 
dling objects, gradually and at la^ learn to see them 
single. But all the facts of the case show such auppo- 
tdtions to be utterly fMitaaticaL No one can, in this 
case, go liack from tlie habitual judgment of the single- 
ness of objects, to the original and direct perception 
of their douhleness, as the draughtsman goes back 
JTom judgments to perception, in representing sohd 
distances and forms by means of perspective pictures. 
No one can point out any case iu which the liahit ia 
imperfectly formed ; even children of the most tender 
age loot at an object with both eyes, and see it aa one. 

In caaea when the eyes are distorted {in squinting), 
one eye only ia used, or if both are employed, there ia 
double viaion; and thus any derangement of the cor- 
respondence of motion in the two eyes will produce 
double-aightedness. 

Brown ia one of those* who assert that two inwigea 
suggest a single object because we have always found 
two images to belong to a single object. He urges as 
an UIustratioB, that the two wordu 'he conquered,' 
by custom excite exactly the same notion as the tmx 
Latin word 'vicit;' and thus that two visual images, 
by the effect of habit, produce the same belief of a 
single object as one tactual impreHsion. But in order 
to make this pretended illustration of any value, it 
ought to be true that when a person has thoroughly 
learnt the Latin language, he can no longer distinguish 
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any separate meaning in 'he' and in 'conquered.' We I 
can by no effort perceive the double sensation, whea 
we look at the object with the two eyes. Those who 
squint, learn by habit to see objects single : but the 
habit which they acquire is that of attendiog to the 
impresaions of one eye only at once, not of oomHaing 
the two impreaaions. It is obvious, that ii' each eye _ 
spreads before us the same visible scene, with the same I 
objects ^id the same relations of place, then, if one 1 
object in each scene coincide, the whole of the two 1 
visible impressions will be coincident. And here the -I 
remarkable circumstance ia, that not only eaich eye I 
judges for itself of the relations of position which come I 
wiUiin its field of view; but that there is a superior I 
and more comprehensive faculty which combines and I 
compares the tvf o fields of view ; which asserts o 
nies their coincidence; which contemplates, as 
relative position to one another, these two visible I 
worlds, in which all other relative position is givsi. I 
This power of confronting two sets of visible imagBK I 
and figured spaces before a purely intellectual tribui^ I 
is one of the most remarkable circumstances i 
senae of vision. 

g. (2.) JVear Objects. — We have hitherto spoken ' 
of the singleness of objects whose images occupy eoire- 
eponding positions on the retina of the two eyes. But 
here occurs a difficulty. If an object of modra^te size, 
a small thick book for example, be held at a little dis- 
tance irom the eyes, it produces an image on the retina j 
of each eye ; and these two images are perepective re- f 
presentations of the hook fixim different points of view, 1 
(the positiona of the two eyes,) and are therefore of di^ I 
ferent fonoB. Hence the two images cannot occupy 9 
corresponding points of the return throughout iheir 1 
whole extent. If the central jiarts of the two imageSrl 
occupy corresponding points, the boundaries of the two' 9 
will not correspond. How is it then consistent with I 
tbe law above stated that in this case the object ap- J 
pears single! 

It may be observed, that the two im^ea in such a 
case will differ most widely when the object ia not 1 
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mere surface, but iv BoliiL If a book, for example, be 
held with one of ita upright edgea towards the fuce, 
the right eye Arill see one side more directly than the 
left eye, and the left eye will, see another side more 
directly, and the outline of the two images upon the 
two retinas will exhibit this differenca And it may be 
fiirther observed, that this difference in the images 
received by the two eyes, is a plain and demonstratiTe 
e'ridence of the sohdity of the object seen ; aince 
nothing but a solid object could (without some special 
coatrivwice) produce these different forma of the images 
in the two ^ea. 

Hence the absence of exact coincidence in the two 
images on the retina is the necessary condition of the 
solidity of the object seen, and must be one of the indi- 
cations by means of which oar vision apprehends an 
object as solid. And that this is so, Mr. Wheatstone 
has proved experimentally, by means of some most 
ingenious and atriiing contrivances. He has devised" 
an instrument (the stereoscope) by which two images 
(drawn in outline) differing exactly as much as the two 
images of a solid body seen near the face would differ, 
are conveyed, one to one eye, and the otherto the other. 
And it is found that when this is effected, the object 
which the images represent is uot only seen single, but 
is apprehended as solid with a clearness and reality of 
conviction quite distinct from any impression which a 
mere perspective representation can give. 

At the same time it is found that the object is then 
only apprehended as single when the two images are 
such as are capable of being excited by one single 
object placed in solid space, and seen by the two 
eyes. If the images differ more or otherwise than this 
condition allows, the result is, that both are seen, their 
lines crossing and interfering with one another. 

It may be observed, too, that if an object be of such 
large size as not to be taken in by a single glance of 
the eyes, it is no longer apprehended as single by a 
direct act of perception; but its parts are looked at 

> Phii. Train. 1830, 
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Mfwnt*^ and snooeaHiTehr, and ihe impresdona tlins 
obtained are pat togetb^ by a succeeding act of (be 
mind. Seaee the objecte which are directly seen aa 
solid, will be of moderate me; in which case it is not 
liifiicnlt to show that the oatlinea of the two imagiin 
will differ from each other only Bligbay. 

Hence we are led to the following, as the Iaw of 
Single Yifiiun for near objecta ; — -When the two images 
in the two eyes are situated (part for part) nearly, but 
not exactly, upon oorrespunding [KJints, the object is 
apprehended as single, if the two images are such as 
are or would be given by a, single solid object seen l^ 
the two eyes separately : and in this case the object ia 
uecesaarily apprehended as solid. 

Tliis law of vision does not contradict that stated I 
above for diKtont objects: for when xa object is removed I 
to a considerable distance, the images in the two eyes J 
coincide exactly, and the object is seen as siDgle^ thoo^ J 
without any direct apprehension of its solidity. Th^l 
first law is a special case of the second. Undec 'Uui'B 
condition of exactly corresponding points, we have ths j 
perception of siuglenesB, but so evidence of solidity, T 
Under the condition of nearly corresponding points,.! 
we may have the perception of singleness, and with i^ I 
of solidity. 

We have before noted it as an important feature in 
our visual perception, that while we have two distinct 
impressions upon the sense, which we can contemplate ■! 
sejianktely and alternately, (the impreaaions on the two I 
eyes,) we have a higher perceptive faculty which c 
recognize these two impreasions, exactly similar to eadi 1 
other, as only two images of one and the s 
blage of objects. But we now see that the faculty by I 
which we perceive visible objects can do much more 1 
than this ; — it can not only unite two impressions, and I 
recognize them as belonging to one object in virtae of J 
tlieir coincidence, but it can also unite and identify t 
them, even when they do not exactly coincide. It oaia I 
correct and adjust their small differenoe, so that th^ J 
are both apprehended as representations of the s 
figure. It can infer from them a real form, not agree- I 
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ing witli either of them ; and a aolid apace, which they 
ai-e quite incapable of eieniplifyiiig. The visual faculty 
decides whether or not the two ocular imagea can he 
pictures of the same solid object, and if they can, it 
iindoubtingiy and neceesai^y accepts them as being so. 
This faculty operates aa if it had the power of calling 
before it all possible solid figrires, and of ascertaining 
by trial whether any of those will, at the same time, 
fit both the outlinea which are given by the sense. It 
assumes the reiility of aolid space, and, if it be possible, 
reconciles the appe&rances with that i-eality. And thus 
an activity of the mind of a very remarkable and 
]>eeuliar kind is exercised in the moat c 



10. It may be said that this doctrine, of such a 
visual faculty as has been described, is veiy vague and 
obscure, since we are not told what are its limita. It 
ftdjuats and ctMrects figures which rtewrly coincide, so 
aa to identify them. But haw nearly, it may be asked, 
must the Bgures approach each other, in order that 
this adjustment may be possible 1 What discrepance 
renders impossible the reconcilement of which we 
speak? la it not impossible to give a definite answer 
\a these queationa, and therefore imposaible to lay 
down definitely such laws of vision as we have stated) 
To this I reply, that the indefiniteness thus objected 
to us, is no new difficulty, but one with which philo- 
sophers are familiar, and to which they are already 
reconciled. It is, in fact, no other than the indefinite- 
ness of the limita of distinct vision. How near to the 
face must an object be brought, so that we shall cease 
to see it distinotlyl The distance, it will be answered, 
is indefinite : it is different for different persons ; and 
for the same person, it varies with the degree of efibrt, 
attention, and habit. But this indefiniteness is only 
the indefiniteness, in another form, of the deviation of 
the two ocular images from one another : and in reply 
to the question concerning them we must still say, as 
before, that in doubtful eases, the power of apprehend- 
ing an object as single, when this can be done, will 
vary with effort, attention, and habit. The assumption 




e apparent 

is to be verilied, if posaible; but, in extreme 
oases, from tlie unfitness of the point of view, o 
any other cause of viaual confusion or deception, the 
existence of a real object corresponding to the appear- 
ance may be doubtful ; as in any other kind of percep- 
tion it may be doubtful whether our senses, under dis- 
advantageouH circumstances, give us true isfonnatioiL 
The vagueness of the limits, then, within which this 
visual iaculty can be successfully exercised, ia no valid 
argument against the existence of the faculty, or the 
truth of the law which we have stated concerning its 
action. 

Sect. Vf.~The Perception of Visible Figure. 

II. Visible Figu/re. — There is one tenet on the 
subject of vision which appears to me so extravagant 
and unphilosophioal, that I should not have thought it 
necessary to notice it, if it had not been recently pro- 
mulgated by a writer of great acuteness in a book which 
has obtained, for a metaphysical work, considerable cilv 
culation. I sjieak of Brown's opinion" that we have no 
immediate perception of visible figure. I confeea myself 
unable to comprehend fiilly the doctrine which he would 
substitute in the place of the one commonly received. 
He states it thus' : 'When the simple affection of sight 
is blended with the idea^ of sugg^ion [those arising 
from touch, Ac] in what are termed the acquired per- 
oeptiona of vision, as, for example, in the perception of 
a sphere, it is colour only which is blended with the 
lai^e convexity, and not a small coloured plane.' The 
doctrine which Brown asserts in this and similar pas- 
sages, appears to be, that we do not by vision perceive 
botk colour and figure; hut that the colour whiti we see 
is blended with the figure which we leam the existence 
of by other means, as by touch. But if this were poa- 
eible when we can call in other perceptions, how is it 
possible when we cannot or do not touch the object^ 
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Why does the moon appear round, gibbous, or horuedl 
What sense besides viaioQ su^esta to us the idea of /ter 
fignrel And even in objects which w^e can reach, what 
ia that circumstance in the sense of yisiou which sug- 
gesta to us that the colour belongs to the sphere, ex- 
cept that we see the colour where we see the sphere) 
If we do not see figure, we do not see position ; for 
figure is the relative position of the parts of a 
dary. If we do not see posi 
the yellow colour to the spher 
to tho cube on our right? 

with the object, says Dr. Brown; but if his opinion 
were true, we could not associate two colours with two 
objects, for we could not apprehend the colours as 
occupying two different places. 

The whole of Brown's reasoning on this subject ia 
so irreconcileable with the first facts of vision, that it 
is difficult to conceive how it could proceed from a 
])erson who has reasoned with great acuteness concern- 
ing touch. In order to prove hia assertion, he under- 
takes to examine the only reasons which, he says", he 
can imagine for believing the immediate perception of 
visible iigure : (i) That it is absolutely impossible, in 
our present sensations of sight, to separate colour from 
extension ; and (2) That there are, in feet, figures on 
the retina coiTesponding to the apparent figures of 
objects. 

On the subject of the first reason, he says, that the 
figure which we perceive as associated with colour, is the 
r^, and not the apparent figure. ' Is there,' he asks, 
' the slightest consciousness of a perception of visible 
figure, corresponding to the affected portion of the 
retina?" To which, though he seems to think an affirm- 
ative answer impossible, we cannot hesitate to reply, 
that there is undoubtedly such a consciousness; that 
though obscured by being made the ground of habitual 
inference as to the real figure, this consciousness is 
constantly referred to by the draughtsman, and easily 
recalled by any one. We may separate colour, he eays 
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again', from the figures on the retina, as we may 
separate it from lengtli, breadth, and tluckceas, which 
we do not see. But this is altogether iklse : we can- 
not separate colour from length, breadth, and thick- 
ness, in any other v^ay, than by transferring it to tie 
visible figure which we do aea He cannot, he allows, 
separate the colour from the visible form of tlie trunk 
of a large oak; but just as little, he thinks, can he sepa- 
rate it from the convex mass of the trunk, which (it is 
allowed on all hands) he does not immediately see. 
But in thia he is mistaken : for if ho were to make a 
pictu/re of the oak, he would separate the colour fi-om 
the convex shape, which he does not imitate, but ha 
oould not separate it from the viable figure, which be 
does imitate; and he would then perceive that the 
&ct that he 7iag not an immediate perception of the 
convex form, is necessarily connected with the feet 
that he hca an immediate perception of the apparent 
figure; so far \s the rejection of immediate perception 
in the former cose from being a reason for rejecting it 
in the latter. 

Again, with regard to the second argument. It does 
not, he Bays, follow, that because a certain figured por- 
tion of the retina is afiected by light, we should see 
such a figure ; for if a certain figured portion of the 
olfactory organ were affected by odours, we should not 
acquire by smell any perception of such figia'e'". This 
is merely to say, that because we do not perceive posi- 
tion and figure by one sense, we cannot do so by an- 
other sense. But this again is altogether erroneous. It 
is an office of our sight to inform us of position, and 
consequently of figure ; for this purpose, the oi^an is 
so constructed that the position of the object deter- 
mines the position of the point of the retina affected. 
There is nothing of this kind in the organ of smell; 
objects ia difierent positions and of difiTerent forms do 
not aflect diiferent parta of the olfactory nerve, or por- 
tions of different shape. Different objects, remote 
from each other, if perceived by smell, affect the same 
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part of the olfactory organs. This ia all quite intelli- 
gible; for it is not the office of smeU to inform us 
of position. Of what use or meaning would be the 
M and complex structure of the eye, if it gave \ib 

y such vapie and wandering notions of the colours 
and forma of the flowers in a garden, ba we receive 
from th^ odours when we walk among them blind- 
fold? It ia, US we have said, the prerogaivjie of viaioit 
to apprehend position ; the places of objects on the 
retina give thjs information. We do not i 
that the aflection of a certain shape of n' 
will necessarily and iu all caaes give us 
of figure ; but we know that in. vision it does ; and it is 
clear that if we did not acquire our acquaintance with 
vifiible figure in this way, we could not acquire it in 
any way ". 

The whole of this strange mistake of Brown's ap- 
pears to arise from the iault already noticed; — that of 
considering the image on the retina as the object in- 
Btead of the meang of vision. This indeed is what ho 
says : ' the true object of vision is not the distant body 
itself but the light that has reached the expansive ter- 
mination of the optic nerve".' Even if this were so, 
we do not see why we shouJd not perceive the position 
of the impresdon on this expanded nerve. But as we 
have already said, the iropression on the nerve is the 
means of vision, and enables us to assign a place, or at 
least a direction, to the object from which the light 
proceeds, and thus makes vision poasibla Brown, in- 
deed, pursues his own peculiar view till he involves 
the subject in utter coniuaion. Thus he says", 'Ac- 
cording to the common theory [that figure can be 
perceived by the eye,] a visible sphere is at once to my 
perception convex and plane; and if the sphere be a 
large one, it is perceived at once to he a sphere of 
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many feet in diameter, and a plane nrcolar sai&ce at 
the diameter of a quarter of an inch.' It is easy to 
deduce tiieae and greater absurdities, if we prmwed <hi 
his strange and baeelesa supposition Uiat the object and 
the image on the retina are both perceived. But ivfao 
is conHciaus of tbe image on the retina in any other 
way than aa he sees the object by means of it} 
Brown Deems to haTe imaginurl that he 1 
lysing the perception of figure in the same nu 
which Berkeley had analyzed the perception of dif 
He ooght to haTe recollected tliat such an nnderUkinf^ 
to be aucceaeful, required him to show what eli 
he analyzed it into. Berkeley analyzed the perception 
of real figure into the interpretation of visible figure . 
according to certain rules which he distinctly stated. 
Brown analyzes the perception of visible figure intQ 
no elements. Berkeley says, that we do not directly 
perceive distance, but that we perceive something eis^. 
from which we infer distance, namely, visible figuTQ 
and colour, and our own efforts in seeing; Brown saya, 
that we do not see figure, but infer it; what then do 
we Hee, which we infer it from } To this he offers 
answer. He asserts the seeming perception of visible 
figure to be a result of ' association;' — of ' suggestion.' 
But what meaning can we attach to thisi Suggestion 
requires something which suggests ; and not a hint is 
given what it is which suggests position. Association 
implies two things associated; what is the sensation 
which we associate with form I What is that visual 
perception which ia not figure, and which we mistake 
far figure } What perception is it that suggests a square 
to the fsyoi What intpre^ons are those which have 
been associated with a visible triangle, so that the 
revival of the impressions revives the notion of the 
triangle! Brown has nowhere pointed out such pei^ 
ceptioQS and knpressions; uor indeed was it possible 
for him to do so; for the only visual perceptions which 
ho allows to remain, those of colour, m.ost assuredly do- 
not suggest visible figures by their differences; red ii 
not associated with square rather than with round, ca 
with round rather than square. On the contraiy, th^ 
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eye, constructed in a very complex and wonderful 
manner in order that it may give to us dii^ectly the 
perception of position as well as of colour, has it for 
one of its prerogatives to give us this information; and 
the perception of the relative position of each part of 
the visible boundary of an object constitutes the per- 
ception of its apparent figure ; which faculty we can- 
not deny to the eye without rejecting the plain and 
constant evidence of our senses, making the mechanism 
of the eye unmeaning, coirfounding the object with the 
means of vision, and rendering the mentel process of 
vision utterly unintelligible. 

Having sufficiently discussed the processes of per- 
ception, I now return to the consideration of the Ideas 
which these processes assume. 
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SCCCESSIVB AtTEMPTB at the BCIENTIFIO ApPLIOA- 

■noil OP THE Idea of a Medidm. 



I. XN what precedes, we have ahown by variona 

X siderationa that wo necessarily and 
assume the perception of secondary qualitieB to take 
place by means of a m.edium interjacent between the 
object and the person perceiving. Perception 
affected by various pecuUarities, according to 
nature of the quality perceived ; but in all cas 
medium is eqimlly essential to the process. 

This principle, which, as we have seen, is accept 
as evident by the common understanding of nmn^n^^ 
ia confirmed by all additional reflection and discipHni 
of the mind, and ia the foundation of all the theories 
which have been proposed concerning the processes by 
which the perception takes place, and concerning the 
modifications of the qualities thus perceived. The 
mediiun, and the mode in which the impression is con- 
veyed through the medium, seem to be different for 
different qualities; but the existence of the medium 
leads to certain necessaiy conditions or altemativea, 
which have successively made their appearance in 
science, in the course of the attempts of men to theo-^ 
rize concerning the principal secondaiy qualities, soi 
light, and heat. We must now point out 
ways, at first imperfect and erroneous, in which 
consequences of the fundantenttd assumptii 
traced. 

2. Sound.^ln all cases the medium of sensatioi 
whatever it is, ia supposed to produce the efieot of 
veying secondary qualities to our perception by mi 
of its primary qu^ties. It was conceived to operat 
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ly the size, form, and motion of ita pai-ts. This is 
, fundameutal principle of the clnaa of stiencea of 
-which we have at present to apeak. 

It was assumed from, the first, as we have seen in 
the passage lately quoted from Aristotle', that in the 
conveyance of fouitd, the medium of communication 
was the air. But although the first theorists were right 
so fer, that circumstance did not prevent their going 
entirely wrong when they had farther to determine the 
nature of the process. It was conceived by Aristotle 
that the air acted after the manner of a rigid body; — 
like a staff, which, receiving an impulse at one end, 
transmits it to the other. Now this ia altogether an 
erroneous view of the manner in which the air con- 
veys the impulse by which sound ia perceived. An 
approach was made to the true view of this process, 
by aasiroilating it to the diffusion of the little circular 
s which are produced on the surface of still water 
when a stone is dropt into it These little waves 
begin fiwm the point thus disturbed, and run outwards, 
expanding on every side, in concentric circles, till 
they are lost. The propagation of sound through the 
air fi-om the point where it is produced, was compared 
by VitiTiviua to this diffusion of drcular waves in 
water ; and thus the notion of a propagation of im- 
pulse by the waeei of a fluid was introduced, in the 
place of the former notion of the impulse of an un- 
yielding body. 

But though, taking an enlarged view of the nature 
of the progress of a wave, this is a juat representation 
of the motion of air in conveying sound, we cannot 
suppose that the process was, at the period of which 
we speak, rightly understood. For the waves of water 
were contemplated only as affecting the surface of the 
water; and as the air has no surface, the communica- 
tion must take place by means of an. internal motion, 
which can bear only a remote and obscure resemblance 
res which we see. And even with regard to 
the waves of water, the meclianiam by which they are 
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produced and traiiaferred was not dt all understood; si 
that the c5mpa,riaon employed by Vitruvius must ba I 
considered rather as a loose ajialogy thau aa an exaat f 
Bcienii£c explanation. 

No oorrecfc account of such motions was given, till 
the formation of the science of Mechanics in modem 
timea had enabled philosophers to understand more 
distinctly the mode in which motion is propagated 
through a fluid, and to discern the forces which the , 
process calla into play, so as to continue the motion, 
once begun. Newton introduced into this subject thai 
exact and rigorous conception of an Undulation, whiclilj 
is the true key to the explanation of impulses 
veyed through a fluid. 

Even at the present day, the right apprehension of | 
the nature of an UuduUtion transmitted through i 
fluid is found to be very difiioult for all persons except 1 
those whose minds have been didy disciplined by mathe-^'l 
matical studies. When we see a wave run along the J 
Huriace of water, we are apt to imagine at first that it 
portion of the fluid is transferred bodily from one place 
to another. But with a little consideratioa we may 
easily satisfy ourselves that this is not so ; for if we 
look at a fleld of standing corn, whea a breeze blows . 
over it, we see waves like those of wat«r run along it&J 
surface. Yet it is clear that in this case the aepaiatftV 
stalis of com only bend backwards and forwards, lUidV 
no portion of the grain is really conveyed from t 
part of the field to the other. Thin is obvious even 
popular apprehension. The poet speaks of 
The rye, 
That atoaps its head nhen nhirlwinds rave 
And apriaga again in eddjing- wave 
Aa each wild guat Bweape by. 

Each particle of the mass in succession has ft small J 
motion backwards and forwards ; an.d by this me 
large ridge made by many such partidea runs along the ■ 
mass to any diatanca This is the true conception 
nndulation in general 

Thus, when an Undulation is propagated in a fluid, ' 
it is not viatter, but Jbna, which is trauaniitted from 
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B place to another. The particleR along the line of 
each wave assume a certain arrangement, and this ar- 
rangement pasaea from one part to another, the partides 
changing their places only within narrow limifei, so as 
to lend themselves aucceesively to the arrangementa Ly 
which the successive waves, and the intervala between 
the waves, are formed. 

When such an Undulation ia propagated through air, 
the wave is composed, not, as in water, of p^ticles 
which ore higher than the rest, but of particles which 
are closer to each other than the rest The wave is not 
a ridge of elevation, but a line of condensation; and 
as in water we have alternately elevated and depressed 
lines, we have in air lines altemfttely condensed and 
rarefied. And the motion of the particles ia not, as in 
water, up and down, in a direction transverse to that 
of the wave which runs forwards ; in the motion of an 
undulation through air the motion of each particle ia 
dtemately forwards and backwards, while the motion 
of the undulation is constantly forwards. 

This precise and detailed account of tlie Undulatory 
Motion of air by which sound is transmitted was first 
fl^ven by Newton. He fiirther attempted to determine 
the motions of the separate pariicles, and to point out 
the force by which each particle affects the next, so as 
to continue the progress of the undulation once begun. 
The motions of each particle must be oscillatoiy; he 
assumed the oscLlia,tionB to be governed by the simplest 
hiw of oscillation which had come under the notice of 
mathematicians, (that of small vibrations of a pendu- 
lum;) and he proved that in this manner the forces 
which are called into play by the contraction and 
expansion of the parts of the elastic fluid are such as 
the continuance of the motion requires. 

Newton'sproof of the exact law of Oscillatory Motion 
of the aerial particles was not considei-ed satisfactory 
by succeeding mathematicians; for it was found that 
the same result, the development of forces adequate to 
continue the motion, would follow if any other law of 
the motion were assumed, Cramer proved this by a 
sort of jtarody on Newton's proof, in which, by the 
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alteration of a few phrases in thitr formula of demon- 
etratiou, it was made to eutablish an entirely dificreut 
coucluaion. 

But the general conaeption of an Undulation es pre- 
sented by Newtuu waa, aa from its manifest mechanical 
truth it could not &il to be, accepted by all mathemA- 
ticiana; and in proportion as the metiiods of calcu- 
lating the motdona of fluida were further improved, the 
necessary consequences of this conception, in the com* 
niunicatlon of sound through air, were traced by un- 
exceptionable reasoning. This was especially done by 
Euler and Lagrange, whose memoirs on such motions 
of fluids are some of the most admirable ex^nplt 
which exist, of relined mathematical methods applied 
to the solution of difficult meoliajiical problems. 

But the great step in the formation of the theoiy of 
sound was undoubtedly that which we have 
the introduction of the Conception of an Undulation, 
such as we have attempted to describe it: — a state, 
condition, or arrangement of the particles of a fluid, 
which is transferred from one part of space to another 
by means of small motions of the particles, altogether 
distinct from the movement of the Undulation itaolt 
This is a conception which ia not obTious to common 
apprehension. It appears paradoxical at first sight to 
speab of a large wave (as the tide-wave) running up a 
river at the rate of twenty miles an hour, while the 
stream of the river ia all the while flowing downwards. 
Tet this is a very common &ct. And the conceptioOi 
of such a motion must be fully mastered by all 
would reason rightly concerning the mechanical 
mission of impressions tlirough a medium. 

We have described the motion of sound as produced 
by small motions of the particle forwards and back- 
wards, whOe the waves, or condensed and rarefied linra, 
move constantly forwards. It may be asked what right 
we have to suppose tlie motion to be of this kind, once 
when sound is heard, no such motions of the paiticlea 
of air can be observed, even by refined methods of 
observation. Thus Bacon declares himself against the 
hypothesis of such a vibration, since, as he remarks, it 
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cannot be perceived in any viaiUe impression upon 
the flame of a candle. And to this we reply, tliat the 
auppoaition of this Vibration ia made in virtue of a 
principle which la involved in the original assumption 
of a medium ; namely, That a Medium, m conveying 
Secondary quaiities, operaiee by meam of il» Primary 
gualitiea, the bulk, figure, motion, and other mech^cal 
properties of its parts. This ia an Axiom belonging to 
the Idea of a Medium. In virtue of this axiom it is 
demonstrable that the motion of the air, when any how 
disturbed, must be Huch aa is supposed in our acous- 
tical reasonings. For the elasticity of the parts of the 
air, called into play by its expansion and contraction, 
lead, by a mechanical necessity, to such a motion aa 
■we have described. We may add that, by proper con- 
trivances, this motion may be made perceptible in its 
■rimhle effects. Thus the theory of sound, aa an im- 
pression conveyed through air, is established upon 
evident general principles, although the mathema- 
tical calculations which arc requisite to investigate 
its conaequeucea are, some of them, of a very i-econ- 
dite kind. 

3. Light. — The early attempts to explain Vision 
represented it as performed by means of material rays 
proceeding /roni the eye, by the help of which the eye 
felt out file form and other visible qualities of an 
object^ as a blind man might do with his yta£ But 
this opinion could not keep its ground long : for it did 
not even explain the fact that light ia necessary to 
vision. Light, as a pecuhar medium, was next assumed 
aa the machinery of vision; but the mode in which 
the impression was conveyed through the medium was 
left undetermined, and no advance was made towards 
sound theory, on that subject, by the ancients. 

In modem times, when the prevalent philosophy 
began to assume a mechanical turn (as in the theoriea 
of Descartes), light was conceived to bo a material sub- 
stance which is emitted &om luminous bodies, and 
which is also conveyed from ajl bodies to the eye, ao aa 
to render them visible. The various changes of direc- 
tion by wliich the raya of light are affected, (reflection, 



retraction, ifec.,) Descartes explained, by considering the 
particles of light as small globules, which change their 
direction wheu they impinge upon other bodies, ac- 
cording to the lawa of Mechanics. Newton, with a. 
much more profound knowledge of Mechanics than 
Sescartea posBestjed, adopted, in the mob-t mature of 
hJB BpecuJationa, nearly the same view of the nature of 
light ; and endeavoured, to show that reflection, refrao- 
tion, and other properties of light, might be explwned 
as the effects which certain forces, emanating from the 
particles of bodies, produce upon the luminiferoua 
globuleB. 

But though some of the properties of light could 
thus be accounted for by the assimiption of particles 
emitted from luminous boidiea, and reflected or refracted 
by forces, other properties came into view which would 
not admit of the same explanation. The phenomena 
of diffiraotion (the firinges which accomjjany shadows) 
could never be truly represented by such an hypotheai% 
in spite of many attempts which were nmde. And the 
cc^iOWrt of thin plates, which show the raya of light 
to be affected by an alternation of two different con- 
ditions at small intervals along their length, led New- 
ton himself to incline, often and strongly, to some 
hypothesis of undulation. The double refi-aetion o? 
Iceland sfiar, a phenomenon in itself very complex, 
could, it was found by Huyghena, be expressed with. 
great simplicity by a certain hypothesis of undulsr- 

Two hypotheses of the nature of the luminiferoua I 
medium were thus brought under consideration; tho I 
one representing Light as Matter emitted from the J 
luminous object, the other, aa Undulations prt 
through a fluid. These two hypotheses renu 
presence of each other during the whole of the last 
century, neithei' of them gaining any material advan- 
tage over the other, though the greater part of mathe- 
maticians, following Newton, emhi-aced the emisfiion 
theory. But at the beginning of the present century, 
an additional class of phenomena, those of the inter- , 
yerenee of two rays of light, were brought under con- 
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sideration by Dr Young; and these (. . 

atrongly in favour of the undulatory theory, while they 
were irreconcilable with the hypothesis of emisaion. 
If it held not been for the origisa] biaa of Newton and 
Mb school to the other aide, there can be little doubt 
that firom this period light as well &a Eonnd would 
have been supposed to be propagated by undulations ; 
although in this case it was necessary to assume as the 
vehicle of such undulations a special medium or ether. 
Several points of the phenomena of vision no doubt 
remained unesplajned by the undulatory theory, as 
absorption, and the natural colours of bodies ; but such 
fects, though they did not confirm, did not evidently 
contradict the theory of a Luminiferous Ether; and 
the fects which such a theory did explain, it explained 
with singular happiness and accuracy. 

But before this Undulatory Theory could be gene- 
rally accepted, it was presented in an entirely new 
point of view by being combined with the fecta of 
pola/rixation. The general idea of polarization must be 
illustrated hereafter; bnt we may here renuirk that 
Young and Presnel, who had adopted the undulatory 
theoi7, after being embarraaaed for some time by the 
new facts which were thus presented to their nolace, 
at last saw that these facts might be explained by con- 
ceiving the vibrations to he transverse to the ray, the 
motions of the particles being not backwards and for- 
wards in the line in which the impulse travels, but to 
the right and left of that line. This conception of 
tranav&rse vibrcUwm, though quite unforeseen, had 
nothing in it which was at all difficult to reconcile 
with the general notion of an undulation. We have 
described an undulation, or wave, as a certain condi- 
tion or arrangement of the particles of the fluid suceea- 
sively transferred from one part of apace to another : 
and it ia easily conceivable that this arrangement or 
wave may be produced by a lateral transfer of the par- 
ticles irom their quiescent positions. This conception 
of transverse vibrations b«ng accepted, it was found 
that the explanation of the phenomena of polarization 
and of thoae of interference led to the same theory 
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■with a correspondence truly wonderful ; and tlii^ o 
cidencG in the views, collected from two quit* distinct 
claasea of phenomena, was justly cooaidered aa an i 
almost demoostratiTe evidence of the truth of this i 
□ndulatory theory. 

It remained to be considered whether the doctrine 
of transverae vibrations in a fluid could be reconciled 
with the principles of Mechanics. And it was found 
that by making certain suppositions, in which do in- 
herent improbability existed, the hypothesis of tn 
verse vibrations would explain the laws, both of inters I 
ference and uf pularizatiou of light, in air and iq f 
ctyatals of all kinds, with a surprizing fertility and I 
fidelity. 

Thus the Undulatoiy Theory of Light, like the TJn- 1 
dulatory Theory of Sound, is reconunended by ita O 
formity to the fimdamental principle of the Secondary 
Meclianieal Sciences, that the medium must be sup- I 
posed to transmit its peculiar impulses according to the,! 
laws of Mechanics. Although no one had previously r 
dreamt of qualities being CQnveyed through a medium_ j 
by Buch a process, yet when it ia once suggeatec 
the only mode of e:cplaining some of the phenomaut 
there is nothing to prevent our accepting it entirely, 
aa a aatistactory theory for ail the known, laws of I 

4, UecU. — With regard to Heat as with regard tO' I 
Light, a fluid medium was neceaaarily aaaumed aa 
Tehicle of the property. During the Last century, this, I 
medium was aupposed to be an omitted fliiid. And,! 
many of the ascertained Laws of Heat, those Thidi f 
prevail with regard to its radiation more esperaaUyf T 
were ■well explained by this hypothesis'. Other efiecta. 
of heat, however, as for instance latent heat', and the I 
change of consiMence of bodies', were not aatisfiiotovily J 
brought into connexion with the hypothesis; while con- \ 
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dudwn^ which at first did not appear tc result from 
the fuiidjimental assiimptiun, was to a certain extent 
explained aa internal radiation. 

But it was by no means clear that an Undulatory 
Theory of Heat might not be made to explain theae 
phenomena equally weU. Several philosophers iucUned 
to aucli a theory ; and finally, AmpSre showed that the 
doctrine that the heat of a body eonsiata in the undula- 
tions of its particles propagated by means of the undu- 
lations of a medium, might be so adjusted as to explain 
all ■which the theory of emission could explain, and 
moreover to account for faets and laws which were out 
of the reach of that theory. About the same time it 
was discoTered by Prof Forbea and M. Nobili that 
radiant heat is, mider certain circmnstances, polarized. 
Kow polarization had been moat satisfactorily explained 
by means of transverse undulations in the case of light ; 
while all attempts to modiiy the emission theory so as 
to include polarization in it, had been found ineft'ectuaL 
Hence this discovery was justly considered aa lending 
great countenance to the opinion that Heat consists in 
the vibrations of its proper medium. 

But what is this medium! Is it the same by which 
the impressionB of Light are conveyed 1 This is a diffi- 
cult question ; or rather it is one which we cannot at 
present hope to answer with certainty. No doubt the 
connexion between Light and Heat is ao intimate and 
constant, that we can hardly refrain from considering 
them as affections of the same medium. But instead 
of attempting to erect our systems on such loose and 
general views of connexion, it is rather the business of 
the philosophers of the present day to determine the 
laws of the operation of heat, and its real relation to 
light, in order that we may afterwards be able to con- 
nect the theories of the two qualities. Perhaps in a 
more advanced state of our knowledge we may be able 
to state it as an Axiom, that two Secondaiy Quali- 
ties, which are intimately connected in their causes 
and eflfeota, must be afiections of the same Medium. 
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But at present it does not appear safe to proceed- 
upon such a principle, although many writers, in their 
speculations both concerning Light and Heat, and con- 
cerning other properties, have not hesitated to do so. 

Some other consequences follow from the Idea of 
a Medium which must be the subject of another 
chapter. 



CHAPTER IV, 

~br THE MeASUBE of SeCONDAKY QOAIITIES. 



Sect, I. — Scales of QualUiee in general. 

THE ultimate object of our investigation in each of 
the Secondftry Mechanical Sciences, ia the nature 
of the processes by which the special impressiona of 
Bound, light, and heat, are conveyed, and the modifi- 
cations of which these processes are susceptihle. And 
of this investigation, aa we have seen, the necessary 
basis is the principle, that these im^u'essioiis are trans- 
mitted by means of a medium. But before we amve 
at this ultimate object, we may find it necessaiy to 
occupy ourselves with several intermediate objects: 
before we diaeover the cause, it may be necessary to 
determine the laws of the phenomena. Even if we cannot 
immediately ascertain the mechanism of light or heat, 
it may still be interesting and important to arrange 
and measure the effects which we observe. 

The idea of a Medium affects our proceeding in this 
research also. Wo cannot measure Secondary qualities 
in the same manner in which we measure Primary 
qualities, by a mere addition of parts. There is this 
leading and remarkable difference, that while both 
classes of qualities are susceptible of changes of magni- 
tude, primary qualities increase by addition of eicten- 
eion, sccondajy, by augmentation of inlensky. A space 
is doubled when another equal space is placed by its 
side; one weight joined to another makes up the sum 
of the two. But when one degree of waimth is com- 
bined with another, or one shade of red colour with 
another, we cannot in like manner talk of the swm. 
The component parts do not evidently I'etain their 
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separate existence ; we cannot Beparate a _ ^ 

colour into two weaker ones, as we can separate a lat;ge 1 
force into two smaller. The increase is absorbed into 
the previous amount, and is no longer in evidence as a 
part of tlie whole. And tJiis is the difference whidi 
has given birth to the two -words extended, and in- 
tartae. That is extended which has ' partes extra 
partes,' parts outside of parts ; that is intense which 
becomes stronger by some indirect and unapparent 
increase of agency, like the stretching of the internal 
epnngs of a machine, as the term intense implies. 
Extended magnitudes can at will be resolved into the 
parts of which they were originally composed, or any 
other which the nature of their extension admits; their 
proportion is apparent; they are directly and at once 
subject to the relations of number. Intensive magni- 
tudes cannot be resolved into smaller magnitudes ; we 
can see that they differ, but we cannot teU in what 
proportion; we have no direct measure of their quan- 
tity. How many times hotter than blood ia boiling 
waterl The answer cannot be given by the aid of our 
feelings of heat alone. J 

The difference, bs we have said, is connected witli I 
the fundamental principle that we do not perceive ^ 
Secondary qualities directly, but through a Medium. 
We have no natural apprehension of light, or sound, 
or heat, as they exist in the bodies fi'om which thty 
proceed, but only as they affect our oi^ans. "We can 
only measure them, therefore, by some Seale supplied 
by their effects. And thus while extended magnitudes, 
as space, time, are measumble directly and of them- 
selves; intensive magnitudes, as brightness, loudness 
heat, are mesaurable only by artificial means and con- 
ventional scales. Space, time, measure themselves: 
the repetition of a smaller space, or time, while it com- 
poses a larger one, measures it. But for light and I 
heat we must have Photometers and Thermometers, J 
which measure something which is assumed t 
indication of the quality in question. In the one case, I 
the mode of applying the measure, and the meaning o~ ' 
the number resulting, are seen by intuition; jn flu 



other, they are consequences of aasumption and reason- 
ing. In the one case, they are Units, of which the 
extension i'l made up; in the other, they are Degrees 
by which the intensity ascends. 

a. When we discover any property in. a senaihle 
quality, which at once refers ua to number or space, 
we readily take this property aa a measure; and tliua 
we make a transition from quality to quantity. Thus 
■ Ptolemy in the third chapter of the First Book of hia 
Ilaa-mionica begins thus : ' Aa to the differences which 
exist in Hounds both in guality and in quaiitity, if we 
consider that diSerence which refers to the acuteneea 
and graveness, we cannot at once tell to which of the 
abore two classes it belongs, till we have considered 
the causes of such symptoms.' But at the end of the 
chapter, having satiafieJ himself that grave sounds 
reanlt from the magnitude of the string or pipe, other 
things being equal, he infers, ' Thus (he difference 
of acute and grave appears to he a difference of 
qwmtity.^ 

In the same manner, in order to form Secondary 
Mechanical Sciences respecting any of the other pro- 
perties of bodies, we must reduce these properties to a 
dependence upon quantity, and thus mate them sub- 
ject to measurement, We cannot obtain any sciential 
troths respecting the comparison of sensible qualities, 
till we have discovered meaauxes and scales of the 
qualities which we have to consider; and accordingly, 
some of the most important steps in such sciences have 
been the establishment of such measures and scales, 
and the invention of the requisite inatnunents. 

The formation of the mathematical sciences which 
rest upon the measures of the intensity of sensible 
qualities took place mainly in the course of the last 
century. Perhaps we may consider lajnbert, a mathe- 
matician who resided in Switzerland, and published 
about 1750, as the person who first clearly felt the 
importance of establishing such sciences. His Photo- 
metry, Pyrometry, and Hygrometry, are examples of 
the systematic reduction of sensible qualities (light, 
heat, moisture) to modes of numerical measurement. 
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Sect. n.—'Hie Mueical Scale. 

3. The establialunent of the ffamumu: Canon, that 
is, of & Scale and Measure of the mutdcal place of notes, 
in the relation of high and low, was the first step in the 
J of Harmonics. The perception of the difier- 
F eices and relations of muaicai sounds is the office of 
m of hearings but iJiesc relations are fixed, and 
rendered accurately recognizable hy artificial meana. 
'Indeed, in all the senses,' as Ptolemy truly says in 
the opening of his Harmonics, ' the sense diacovexs 
what is ajijiroximatelj trile, and receives accuracy 
&om another quarter ; the reason receives the approxi- 
Diately-true from another quarter, and discorers tjie 
accurate truth.' "We can have no measures of sensible 
qualities which do not ultimately refer to the sense^ — 
whether they do this immediately, as when we refer 
Colours to an assumed Standard ; or mediatoly, as what 
■we measure Heat by Expansion, having previously 
ibund by an a^ipeal to sense that the expansion in- 
creafies with ^e Leat. Such relationa of sensible 
qualities cannot be described in words, and can only 
be apjirohended by their appropriate faculty. The 
feculty by which the relations of sounds are appre- 
hended is a iitusical ear in the largest acceptation 
of the term. In this signification the faculty is nearly 
universal among men; for all [lersons have mnsic^ 
ears sufficiently delicate to understand and to imitate 
the modulations corresponding to various emotions in 
speaking ; which modulations depend upon the succes- 
sion of acuter and graver tones. These are the rela- 
tions now spoken of, and these are plainly perceived 
by persona who have very imperfect musical ears, 
according to the common use of the phrase. But the 
relations of tones which occur in speaking are some- 
I^Vhat indefinite; and in forming that musical scale 
hich is the basis of our science upon the subject^ we 
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take the moBt definite and marked of auch relations of 
notes; auch as occui-, not in speaking but in aiiiging. 
Tliose muaicttl relations of two sounds wiiich we call 
the octave, ihejijih, tlie/owrtA, the third, are recognized 
after a, short fiimiliarity with them. These cJiords or 
interealt are perceived to have each a peculiar chaiBC- 
ter, which separates them from the relations of two 
sounds taken at random, and makes it easy to know 
them when sung or played on an instrament; and for 
moat peraoBB, not difficult to sing the sounds in succes- 
sion exactly, or nearly correct, These musical relations, 
or concords, then, are the groimdwork of our musical 
Beriee of sounds. But how are we to name these in- 
descrihable sensible characters? how to refer, with un- 
erring aecuraey, to a type which exiata only in our 
own perceptions 1 We must have for this purpose a 
Scale and a Standard. 

The Musical Sc^e is a series of eight notes, ascend- 
ing by certain steps from the first or key-note to the 
octave above it, eaeh of the notes being fixed by such 
distinguiahahle musical relations as we have spoken of 
above. We may call these notes c, d, e, f, o, a, b, c ; 
and we may then say that g is determined by its being 
a fifth above c; d by its being a fourth below o; E by 
its being a third above c; and similarly of the rest 
It will be recollected that the terms e.Jiflh, a/owrtA, a 
third, have hitherto been introduced as expressing 
certain simple and indescribable musical relations 
among sounds, which might have been indicated by 
any other names. Thus we might call the fifth the 
dominant, and the fourth the suhdomincmt, as is done 
in one part of mu^cal science. But the names we 
have used, which are the common ones, are in feet 
derived from the number of notes which these inter- 
vals include in the scale obtained in the above manner. 
The notes, c, D, E, P, G, being five, the interval fi-om c 
to o is a fifth, and so of the rest. The fixation of this 
scale gave the means of describing exactly any note 
which occurs in the scale, and the method is easily 
lotes above aixd below this range; for in 
s of sounds higher or lower by an octave than 
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this standard aeries, the ear discovers a recurrence of ^ 
the same relations so exact, that a person u^y aome- 
timea imagine he is pi^ucing the same notes as an- 
other when he is ringing the same air an octave higher. 
Hence the next eight notes may be conveniently de- 
noted b^ a repetition of the same letters, as the first; i 
thus, c, D, E, F, o, A, B, c, d, e,f, g, a, b; and it is easy I 
to deviae a continuation of such cycles. And other ad- \ 
missible notes are designated by a further modification 
of tlie standard ones, as by making each note Jlat or 
ghoTp; which modification it is not necessary here to 
consider, since our object is only to show howa standard 
is attainable, and how it serves the ends of science. . 

We may observe, however, that the alwve is not sat J 
exact account of the first, or early Greek scale ; foe 1 
that scale was founded on a primary division of tha J 
interval of two octaves (the extreme range which it 1 
admitted) into five tetrachords, each tetrachord in- 1 
eluding the interval of a fourtL All the notes of 1 
this series had different names borrowed from thid f 
division ' ; thus mese was the middle or key-note ; tiff I 
note below it was lichanoa meedn, the next below tnA ■ 
parypaie meedn, the next lower, ht/pale inei6n. Thai 
fifth above mese was mete diaaeagTnen&n,, the octave wa» I 
jjete kyperboleedn. 

4. But supposing a complete system of such deno- 1 
minations established, how could it be with certainty^ I 
and rigour applied? The human ear is fallible, thaj 
organs of voice imperfectly obedient; if this were not I 
BO, there would be no such thing as a good ear 
good voice. What means can be devised of fin d '^ g aft ^ 
will a perfeet concord, a fifth or a fouith? Or sup- 
posLQg such concords fixed by an acknowledged autho- 
rity, how can they be referred to, and the autliori^ 
adduced? How can we enact a Standard of soundsf 

A Standard was discovered in the Monochord, A 
musical string properly stretched, may be made to pro- 
duce different notes, in proportion as we intercept a 
longer or shorter portion, and make this portitm vi- 
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brate. Tlie relation of the length of the strings which 
thus sound the two notes o and c is fixed and conatant, 
and the same is true of all other notes. Hence the 
miiBical interval of any notes of which we know the 
places in the musical scale, may be reproduced by mea- 
suring the lengths of string which are known to give 
them. If c be of the length 180, d is 160, Eia 144, F 
>" i35i o is i3o; and thus the musical relations are 
reduced to numerical relations, and the raonochord is 
a complete and perfect Tonometer. 

We have here taken the length of the string as the 
measure of the tone ; but we may observe that there ia 
m H8 a necessary tendency to assume that the ground 
of this measure is to be sought in some ulterior cause; 
and when we consider the mutter further, we find this 
canae in the ft«qnency of these Tibrations of the string. 
The truth that the same note must result fi-om the 
same frequency of vibration is readily assented to on 
a B%ht Bugg^on of experience. Thus Meraenne', 
when he undertakes to determine the frequency of 
■vibrations of a given sound, says ' Supponendum est 
quoBcunque nervoB et quaalihet chordaa u ' 



equali tempore, quod perpetuA constat experientii' 
.^d he proceeds to apply it to cases where experience 
could not verify this assertion, or at least had not 
verified it, aa to that of pipes. 

The pursuit of theee numerical relations of tones 
forms the science of Harmonics ; of which here we do 
not pretend to give an account, but only to show, how 
the invention of a Scale and ^Nomenclature, a Standard 
and Measure of the tone of sounds, is its necessary 
basis. We will therefore now proceed to speak of 
another subject; colour. 

Sectt. III. — Scal&i of Colour. 

5. T/ie Prismatic Scale 0/ Colour. — A Scale of 
Colour must depend originally upon, differences dis- 

* ifarmcnio, lib. IL prop, u). 
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cemihle by the eye, a* a. scale of notea depends c 
difFerenceH perceived by the ear. In one respect tF 
difficulty is greater in the case of the risible qualitii 
for there are no relations of colour which the eye p 
liarly singles out and ditftinguiabea, as tlie ear sel 
and distinguishes an octave or a fifth. Hence we 
compelled to take an arbitrary scale ; and we hav 
find one which is fixed, and which includes a propel 
collection of colours. The prismatic spectrum, ■ 
loured imageproduced when a small beam of light passeff.l 
obliquely through any transparent sur&ce {as the 8ui 
face of a prism of glass,) ofiers an obvious Standard s 
fiir as it is applicable. Accordingly colours have, for -1 
various purposes, been designated by their place ii 
spectrum, ever since the time of Newton ; and we hava \ 
thus a means of refeiring to such colours as 
eluded in the series red^ orange, yellow, green, iiuB,. I 
violet, indigo, and the intermediate tints. 

But thia scale is not capable of numerical precision,, I 
If the spectrum could be exactly defined as to its e 
tremities, and if these colours occupied always i^»9 
same proportional part of it, we might describe 8 
colour in the above series by the measure of its pom* I 
tion. But the ta«t is otherwise. The spectrum is 
indefinite in its boundaries to afford any distinct p 
from which we may commence our measures; 
moreover the spectra produced by difierent transparent 
bodies differ from each other. Newton had aupposeclj 
that the Bpectrum and its parts were the same, si 
as the refraction was the same; but his bucc 
discovered that, with the same amount of refraction h 
different kinds of glass, thei« are different magniinidee 
of the spectrum; and what is still worse with reference 
to our present purpose, that the spectra from different 
glasses have the colours distributed in different propor- 
tions. In order, therefore, to make the spectrum the J 
scale of colour, we must assume some fixed substance; I 
for instance, We may take water, and thus a ser' 
approaching to the colours of the rairibom will be o 
standard. But we should still have an extreme diffi- 
culty in applying such a rule. The distinctions < 
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colour which the terms of common language express, 
a,re not used with perfect unanimity or with rigorous 
precision. What ODe person calls WwisA green, another 
calk greenish blue. Nobody can say what is the precise 
boundary between red and orange. Thus the prismatic 
scale of colour was incapable of mathematical exactness, 
and this incouTenience was felt up to our own times. 

But this difficulty was removed by a curious dis- 
covery of Wollaston and Fraiinbofer ; who found that 
there are, in the solar spectrum, certain fine black 
Lines which occupy a definite place in the aeries of 
colours, and can be observed with perfect precision. 
We have now no uncertainty as to what coloured 
light we are speaking of, when we describe it as that 
part of the spectrum in which FraunLofer's Line c or 
D occurs. And thus, by this discovery, the prismatic 
spectrum of sunlight became, for certain purposes, an 
exact Chromaiomeler. 

6. NeaitorCs Scale of Colours. — Still, such a stand- 
ard, though definite, is arbitrary and seemingly ano- 
malous. The lines a, b, c, d, kc, of Frauuhofer'a 
Bpectrum are distributed without any apparent order 
or law; and we do not, in this way, obtain numerical 
measures, which is what, in all cases, we desire to 
have. Another discovery of Newton, however, gives 
U8 a spectrum coutaiuing the same colours as the pris- 
matic spectrum, but produced in another way, so that 
the colours have a numerical relation. I apeak of the 
laws of the Colourg of TImn Platen. The little rainbows 
which we sometimes see in the cracks of broken glass 
are governed by fixed and simple laws. The kind of 
colour produced at any point depends on the thickness 
of the thin plate of air included in tlie fissure. If the 
thickness be eight-millionths of an inch, the colour is 
orange, if fifteen-millionths of an inch, we have green, 
and 30 on ; and thus these numbers, which succeed each 
other in a regular order from red to indigo, give a 
numerical measure of each colour; which measure, when 
we pursue the subject, we find is one of the bases of all 
optical theory. The seiies of colours obtained from 
plates of air of gradually increasing thickness is called 
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Ifewiton'a Scale of Colaun; but we may observe that 
this is not piTcisely what we are here speakmg oi, 
scale of simple colours; it is a serieB produced hj 
certain combinations, resulting from the repetition of 
the £rst Bpectnim, and ia majnly useful as a. standard 
for mmilur phenomena, and uot for colour in geneisL 
The real scale of colour is to be found, e^ we have said, 
in the numbers which express the thictneas of the 
producing film ; — in the length of a _^ in Newton'a 
phraseology, or the length of an undulation in tlis 
modem theory. 

7. Scales of Im-pv/re Colours. — The Btandarda just 
spoken of include (mainly at least) only pure and simple 
colours ; and however complete these standards may ba 
for certain objects of the science of optics, they are ia- 
sufficient for other purposes. They do not enable ua to 
put in their place mixed and impure colours. And 
there is, in the case of colour, a difficulty already 
noticed, which does not oocur in the case of sound; 
two notes, when sounded together, are not necessarily 
heard as one ; they are recognized as still two, and aa 
fonmng a concord or a discord. But two colours form 
a single colour; and the eye cajinot, in any way, dis- 
tinguish between a green compound of blue and yellow, 
and the simple, undecomposable green of the spectmm. 
£y composition of three or more colours, innum««ble 
new colours may be generated which form no part of 
the prismatic series; and by such compositionB is 
woven the infinitely varied web of colour which forma 
the clothing of nature. How are we to classiJ^ and 
arrange ail the possible colours of objects, so that ea/di 
shall have a place and namel How shall we find a 
cfiroTnalometer for impure as well as for pure colour! 

Though no optical investigations have depended on 
a aoale of impure colours, such a scale has been wanted 
uid invented for other piuposes ; for instance, in onkff 
to identify and describe objects of natural history. 
Not to speak of earlier essays, we may notice Werner's 
Nomenclature of Colours, devised for the purpose 
describing minerals. This scale of colour was far su^ 
rior to any which bad previously been promulgated. 
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It was, indeed, orbttrBLry in the selection of its degrees, 
and in a great measure in their arrangement; and the 
colours were described by the usual terms, though 
generally with some added distinction; as hlacHeh 
green, hhdsk green, apple-green, emerald-green. But 
the great merit of the scale was its giving a. fixed con- 
ventional meaning to these toi-ms, so that they lost 
much of their usual vagueness. Thus apple-green did 
not mean the colour of any green apple casually taken ; 
but a certain definite colour which the student wa.a to 
bear in mind, whether or not he had ever seen an 
apple of that esact hue. The words were not a descrip- 
tion, but a record of the colour ; the memory was to 
retain a sensation, not a name. 

The im.perfection of the system' (arising from ita 
arbitrary form.) was its incompleteness : however well 
it served for the reference of the colours which it did 
contain, it was applicable to no others ; and thus though 
Werner's enumeration extended to more than a hun- 
dred colours, there occur in nature a still greater 
number which cannot be exactly de^ribed by means 
of it. 

In such cases the unclassed colour is, by the Werue- 
rians, defined by stating it as intermediate betweeu 
two others ; thus we have an object described as 6s- 
tioeen emerald-green and grass-green. The eye ia 
capable of perceiving a gradation from one colour to 
another ; such as may be produced by a gradual mix- 
ture in various ways. And if we image to ourselves 
such a miirture, we can compare with it a given colour. 
But in employing this method we have nothing to tell 
us in what part of the scale we must seek for an approxi- 
mation to our unclassed colour. We have no mle for 
discovering where we are to look for the boundaries of 
the definition of a colour which the Wemerian series 
does not supply. For it is not always between con- 
tiguous members of the series that the undescribad 
colour is found. If we place eanerald-green between 
apple-green and grass^een, we may yet have a colour 
intermediate between emerald-green and leek-green; 
and, in fact, the Wemerian series of colours is destitute 
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of a principle of self-arrangement and gradiitioa; and 4 
ie thus necessarily and incurably imperfect. J 

8. We should have a complete Scale of Colours, J 
if we could form a aeriea including all coIoutb, anii-l 
arranged bo that each colour whs intermediate i 
tint between the adjacent terms of the series; for then, 
whether wo took many or few of the steps of the 
series for our standard terms, the rest could be sup- 
plied by the law of continuity; and any given colour 
would either correspond to one of the steps of our scale 
or fall between two intermediate ones. The invention 
of a Chromatometer for Impure Colours, therefore, 
requires that we should be able to form all possible . 
colours by such intermediation in a systematic n 
ner; that is, by the misture or combination of certaiu- 1 
elementary colours according to a simple rule: audi 
we are led to ask whether such a process has been I 
shown to be possible. 

The colours of the prismatic apectnim obviously do I 
form a continuous series; greeu is intermediate be- I 
tween its neighbours yellow and blue, orange betweed J 
red and yellow ; and if we suppose the two ends of th* 9 
spectrum bent round to meet each other, so that tlie.1 
arrangement of the colours may be circular, the violet f 
and indigo will find their appropriate place bet 
the blue and red. And all the interjacent tints of J 
the spectrum, as well as the ones just named, will I 
result &om such an arrangement. Thus all the^rA I 
Colours are produced by combinations two and two of 'I 
three primary colours, Red, Yellow, and Blue ; and thfl f 
question suggests itself whether these three are not 1 
really the only Primary Colours, and whether all the 
impure colours do not arise from mixtui'ea of the three 
in various proportions. There are various modes in 
■which this suggestion may be applied to the construo- 
tion of a scale of colours ; but the simplest, and the ond i 
which appears really to verify the conjecture that all J 
possible colours may be so exhibited, is the following^ 1 
A certain combination of red, yellow, and blue, w^9 
produce black, or pure grey, and when diluted, will I 
give all ttie shades of grey which intervene between I 
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black and white. By adding various ehadea of grey, 
then, to pure colours, we may obtain all the possible 
ternary combinations of red, yellow, and blue; and in 
this way it is found that we exhaust the range of 
colours. Thus the circle of pure colours of which we 
haye spoken may be accompanied by seTeral other 
circles, in which these colours are tinged with a leas or 
greater shade of grey; and in this manner it is found 
that we have a perfect chromatometer; evety possible 
colour being exhibited either exactly or by means of 
approximate and contiguous limits. The arrangement 
of colom's has been brought into this final and com- 
plete form by M. Merimee, whose Chromatic Scale is 
published by M. Mirbel in his EUmerda of Botomy. 
We may observe that such a ataiidard attbrda ua a 
numeriral exponent for every colour by means of the 
proportions of the three primary colours which com- 
pose it; or, expressing the same result otherwise, by 
m.eans of the pure colour which is involved, and the 
proxHjrtion of grey by which it is rendered impure. In 
auch a scale the fundamental elements would be the 
precise tints of red, yellow, and blue which are found 
or assumed to be primary ; the numerical exponents of 
each colour would depend upon the arbitrary number 
of degrees which we interpose between each two pri- 
mary coloora; and between each, pm'e colour and abso- 
lute blackness. "So such numerical scale has, however, 
as yet, obtained general acceptation". 
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Sect. rV.^Sealea of Light. 

9. Pltotomeler. — Another iustnuneat much needed 

ia optical researches is a Photometer, a. measure of tlie 
intensitf of light. In this case, aJso, the organ of seus^ 
the eye, is the ultimate judge ; nor has any effect of 
light, as light, yet been discovered which we can sub- 
Btitute for such a juilgment. All instruments, such as 
that of LeaUe, which employ the heating effect of light, 
or at least all that have hitherto been proposed, are 
inadmissible as photometers. But though the eye 
jndge of two sur&ces iDuminated by light of the B 
colour, and can determine when they are equallj'' 
bright, or which is the brighter, the eye can by no 
means decide at sight the proportion of illuminatn: 
How much in such judgments we are afi'ected by cc 
trast, ia easily seen when we consider how diflerent 
the apparent brightnesa of the moon at mid-day and at 
midnight, though the light which we receive &om her 
is, in fact, the same at both periods. In order to apply 
a scale in this case, we must take advantage of the 
known numerical relations of light. We are certain 
that if all other illumination be excluded, two equal 
luminaries, under the same circumstances, will produce 
an illumination twice as great as one does; and we 
can easily prove, from mathematical considerations, 
that if light be not enfeebled by the medium through 
which it passes, the illuminatiou on a given 
will diminish as the square of the distance of the li 
nary increases. If, therefore, we cmi by taking a frao» 
tion thus known of the illuminating effect of onfl'l 
luminary, make it equal to the total effect of 
of which equality the eye ia a competent judge, 
compare the effects of the two luminaries. In order 
make this comparison we may, with Rum&u-d, look 
.the shadows of the same object made by the two " 
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or with Ritchie, we may view the brightness produced 
on two contiguona surfeces, framing an ajijyaratus so 
that the equahty may bo brought about by proper 
adjuatment; and thus a measure will become practica- 
ble. Or we may employ other methods as was done 
by Wollaaton', who reduced the light of the sun by 
observing it as rejected from a bright globule, and 
thus found the light of the sun to be 10,000,000,000 
timea that of Siriua, the brightest fixed star. All these 
methods are inaccurate, even as methods of compari- 
son; and do not offer any fixed or conTenient numeri- 
cal standard; but none better have yet been devised'. 

10. Cyanometer. — As we thus measure the bright- 
ness of a colourless light, wo may measure the intensity 
of any particular colour in the same way; that is, by 
applying a standard exhibiting the gradations of the 
colour in question till we find a shade which is seen to 
agree with the proposed object. Such an instrument 
we have in the Cyanometer, which was invented by 
Sauaaure for the pui^se of measuring the intensity of 
the blue colour of the sky. We may introduce into 
such an instrument a numerical scale, but the numbers 
in such a scale will bo altogether arbitrary. 

Sect. Y.—Scales of Meai. 

1 1. Thertnometers. — When we proceed to the sensa- 
tion of heat, and seek a measure of that quality, we 
hnd, at first sight, new difficulties. Our aensations of 
this kind are more fluctuating than those of vision ; for 
we know that the same object may feel warm to one 
hand and cold to another at the aame instant, if the 
hands have been previoualy cooled and warmed respec- 
tively. Nor can we obtain here, as in the case of light, 
self-evident numerical relations of the heat communi- 
cated in given circumstances; for we know that the 
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effect ao produced will depend on the warmth of tha 

body to he heated, aa well as on that of the source of J 

heat; the aumnier sim, ■which warms our bodies, will ' 

not augment the heat of s, red-hot iron. The c 

the difference of these cases is, that bodies do not I 

receive the whole of tbeir heat, as they 1 

whole of their light, from the immediate inflaenoe of I 

obviouB external agents. There ia no readily-discovered f 

absolute cold, corresponding to the absolute dartnesB { 

which we can eaaily produce or imagin 

should be greatly at a loss to devise a Thermmneter, if 1 

we did not find an indirect effect of heat Bufficiently I 

constant and measurable to answer this purpose. We I 

discover, however, Bucb an effect in the ea^aimon of '| 

bodies by the effect of beat 

12. Many obvious phenomena show that air, underl 
given circumstances, expands by the effect of heat; thsl 
same is seen to be true of liquids, as of water, uidfl 
spirit of wine ; and the property ia found to belong also I 
to the metallic fluid, quicksilver. A more carefiil J 
examination showed that the increase of bulk in some, j 
of these bodies by increase of Heat was a fact of ft J 
nature sufficiently constant and regular to afford AM 
means of measuring that previously intangible qualityj'T 
and the Thermometer was invented. There were, how--B 
ever, many difficulties to overcome, and many points I 
to settle, before this instrument was fit for the purposea J 
of science. 

An explanation of the way in which this was 
necessarily includes an importont chapter of the fa 
of Thermotics. We must now, therefore, briefly iiotacfl 
historically the progress, of the ThermometOT. 
leading steps of this progress, after the first invention J 
of the instrument, were — The establishment oi jixeAA 
points in the thermometric scale — Tho comparison of ■ 
the scales of different aubstancea — And the reconcile' W 
ment of these differences by some method of inter- \ 
preting them u.s indications of the ateolute quantity of i 
}ieat. 

13. It would occupy too much space to give i 
detail the history of the successive attempta by whio 
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these steps were effected. A tliennomet«r is deecribed 
by Bacon under tte title Tilrmn. Calendare; thia was 
an air thermometer. Newton used a thermometer of 
linseed oil, and he perceiTed that the lirst step requi- 
site to give value to such an instrument was to fix its 
scale; accordingly he proposed his Scala GraduMm. 
Calorig'. But when, thermometers of different liquids 
were compared, it appeared, from their discrepancies, 
that this fixation of the scale of heat was more difficult 
than had been supposed. It was, however, effected. 
Newton had taken freezing water, or rather thawing 
snow, as the zero of his scale, which is really a fixed 
point; Halley and Amontons discovered (in 1693 and 
1702) that the heat of boiling water is another fixed 
point; and Daniel Gabriel Fahrenheit, of Dantzig, by 
carefuDy applying these two xtaudard points, produced, 
about 1714, thermometers, which were constantly con- 
sistent with each other. This result was much admired 
at the tune, and was, in fact, the solution of the 
problem just stated, ihefixaHon of the male o/heat. 

1 4. But the scale thus obtained is a conventional 
not a natural scale. It depends upon the fluid employed 
for the thermometer. The progress of expansion from 
the heat of freezing to that of boiling water is differ- 
ent for niercuiy, oil, water, spirit of wine, air. A 
degree of heat which is half-way between these two 
standard points according to a mercurial thermometer, 
will be below the half-way point in a spirit thermome- 
ter, and above it in an air thermometer. Each liquid 
has its own marck in the course of its expansion. Deluc 
and others compared the marches of various liquids, 
and thus made what we may call a concordance of ther- 
mometers of various kinds. 

1 5. Here the question fiirther occurs : Is there not 
some natwral mea-ture of the d^[rees of heat? It ap- 
pears certfdn that there must be such a measure, and 
that by means of it all the scales of different liquids 
must be reconciled. 7et this does not seem to have 
occurred at once t«i men's minds. Deluc, in speaking 

' FkU. Traul 1701. 
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of the researcheH which we have just raentioned, cajs', 
' When I luulertook theee experiment, it never once 
oune into my thoughts that they could conduct me 
with Aoy probability to a table of real degrees of heftt, 
Bat hope growa with Hucceas, and desire with hope.' 
Accordingly be pursued this inquiry for a loi 
of years. 

What are the principles by which we i 
guided to the true measure of heat) Here, 
the Bcieuceg of this class, we have the general prina- 
ple, that the aecondary quality, Heat, must be supposed 
to be perceived in some way by a material Medium 
Fluid. If we take that which is, perhaps, the sin 
form of this hypothesis, that the heat depends 
the iptantiiT/ of this fluid, or Caloric, which is pream^ 
we shall find that we are led to proportions which. , 
may serve as a foundation tor a natural measure of! 
heat. The Method of Mixtarea is one esample of sneti 
a result If we mix togeth^ two pints of water, one 
hot and one cold, is it not manifest that the tempeisr 
ture of the mixture must be midway between the two? 
Each of the two portions brings with it its own heat. 
The whole heat, or caloric, of the mixture is the sum 
ctf the two; and the heat of each half must be the 
half of this sum, and "therefore its temperature most 
be intermediate between the temperatures of the equd 
portions which were mixed. Dehic made experinumta 
founded u]X)n this principle, and was led by them to 
conclude jjiat ' the dilatations of mercury follow oa 
accelerated march for successive equal augmentatioiw 



But there are various circumattinceH which prevent 
this method of mixtures from being so satis&ctcay as 
at first sight it seems to promise to be. The different 
eapadlies for heat of different substances, and even of 
the same substance at different temperatures, introduce J 
much dilficulty into the esperimenta; and this palJi (i.\ 
inquiiy has not yet led to a satisfactory result 



I 
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Another mode of inqnirmg into the imtural 
! ol' heat is to seek it by researches on the law 
of cooling of hot bodies. If we assume that the pro- 
cess of cooling of hot bodies consista in u, certain ma- 
terial heat flying off, we may, by means of certain 
probable hypotheses, determine mathematically the law 
according to which the temperature decreases as time 
goes on ; and we may assume that to be the true mea- 
sure of temperature which gives to the experimental 
law of cooling the most simple and probable form. 

It appears evident &om the most obTious concep- 
tions which we can form of the manner in which a 
body parts with its superabundant heat, that the hott^' 
a body is, the fafiter it cools ; though it is not clear 
without experiment, by wliat law the rate of cooling 
will depend upon the heat of the body. Newton 
took for granted the most simple and seemingly natu- 
ral law of this dependence: he supposed the rate of 
cooling to be proportioTial to the temperature, and 
&om this supposition he could deduce the temperature 
of a hot iron, calculating from the original temperature 
and the time during which it had been cooling. By 
calculation founded on such a basis, he graduated his 
thermometer. 

17. But a little farther consideration showed that 
the rate of cooling of a hot body depended upon the 
temperature of the surrounding bodies, as wall as upon 
its own temperature. Prevoat's Theory of £!xc!ianges' 
was propounded with a view of explaining this depend- 
ence, and was generally accepted- According to this 
theory, all bodies radiate heat to one another, and are 
thus constantly giving and receiving heat; and a body 
which is hotter than surrounding bodies, cools itself 
and warms the surrounding bodies, by an exchange of 
heat ibr heat, in which they are the gainers. Hence if 
6 be the temperature of the bodies, or of the apace, by 
which the hot body is surrounded, and $ + t the tempe- 
rature of the hot body, the rate of cooling will depend 
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opon the exces of the radiatioo for & tempetature $-^t, 
above the radiation for a temperature 8. 

Accordingly, in the admirable researclies of MX. 
Dolong and Petit upon the eooling of bodies, it 'was 
naimmed that the rate of cooling of the hot body was 
represented by the excess of F(d -I- 1) above F(0); wfaere 
F represented some mathematiea] /uiutwn, tliat la, 
some expreHion obt^ned by arithinetind operatitHiiS 
from the temperatores 0-^1 and 6 ; although what these 
opetations are to be^ was left undecided, and waa in 
feet determined by the eiperiments. And the reaalt 
of their investigations was, that the function is of tius 
kind : when the tempterature increases by equal intei^ 
vals, tbe function increases in a continued geometric 
proportion*- This was, in fact, the same law which 
had been assiuned by Newton and others, with this 
difference, that tluiy bad ntglected the t«rm whicb i 
depends npon the temperature of the surrounding, ■ 



i8. This law falls in so well with the best concep< 1 
tiona we can form of the mechanism of cooling npon 
the supposition of a radiant fluid caloric, that it ^ves 
great probability to the scale of temperature on which 
the simplicity of the result depends. Kow the tempe- 
ratures in the formulae just referred to were expressed J 
by means of the air thermometer. Hence MM. Duel 
long and Petit justly state, that while all different sab*l 
stances employed as thermometers give different lawi 
of thermotical phenomena, their own success ' 
ing simpie and general laws by means of tht 
mometer, is a strong recommendation of that aa t 
ntUijjral scale of /leat. They add'", 'The well-knowitfl 
uniformity of the principal physical properties of alll 
gases, and especially the perfect identity of their lawsl 
of dilatation by heat, [a very important discovery t 
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Daltoa and Gay Lnasac",] make it very probable that 
in this clasa of bodies the disturbing causes have aot 
the same iufluence aa in solids and liquids; and conse- 
quently that the changes of bulk produced by the 
action of heat are here in a more immediate depend- 
ence on the force which produces them.' 

19. Still we cannot consider this point as settled 
till we obtain a more complete theoretical insight into 
the nature of heat itself. If it be true that heat con- 
sists in the vibi-ations of a fluid, then, although, as 
Ampere has shown", the laws of radiation will, on 
mathematical grounds, be the same as they are on the 
hypothesis of emission, we cannot consider the natural 
scale of heat as determined, till we have discovered 
some means of measuring the caJnriferous vibrations 
aa we measure luminiferous vibrations. We shall only 
know what the quantity of heat ia when we know 
what heat itself ia; — when we have obtained a theory 
which satjafectorily explains the manner in which the 
substance or medium of heat produces its effectit. When 
we see how radiation and condaction, dilatation and 
liquelaction, are all produced by mechanical changes of 
the same fluid, we shaO then see what the nature of 
that change is which dilatation really measures, and 
what relation it bears to any more proper standard of 

We may add, that while our thermotical theory is 
still so imperfect as it is, all attempts to divine the 
true nature of the relation between light and heat are 
premature, and must be in the highest degree insecure 
and visionary. Speculations in which, from tlio general 
assumption of a caloriferous and luminiferous medium, 
and from a few ikcta arbitrarily selected and loosely 
analysed, a general theory of light and heat ia as- 
serted, are entirely foreign to the course of inductive 
science, and cannot lead to any stable and substantial 

20. Other Inatrumenti for meaewriTig Seat. — It 
does not belong to our present purpose to speak of 
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inatruments of which the object is to measure, not aen- 
tiible quulitieti, but some effect or moditicatioii of the 
cause by which such qualities are produced : such, ' 
instance, are the Calorimeter, employed by Iavchi 
lUid lAplace, in order to com|)are the Specific Meat 
different Bubstonces; and the Aetinometer, invented hy 
8ir John Herschel, in order to determine the effect of 
the Sun's Rays by means of the heat which they com- 
municate in a given time; which effect is, as may 
readily be suppoBed, veiy different under different cir- 
cumstances of atmosphere und jMsition. The laws of 
such effects may I>o valuable contributions to oar 
knowledge cpf heat, but the interpretation of t' 
must depend on a previous knowledge of the relat 
which tempentturo bears to heat, according to 
views just explained. 

Sect. YJ.— Scales of other QualitUa. 

at. Before quitting the subject of the measuree a 
Benaible qualities, we may observe that there are se' 
ral other such qualitiea for which it would be nee 
BBry to have scales and means of meBsuring, in ort 
to make any approach to science on such suhjec 
This is true, fur instance, of Tastes and Smells. Indee 
some attempts have been made towards a classifica 
tion of the Tastes of sapid substances, but these havi 
not yet assumed any satis&ctoiy or systematic ch&n 
ter; and I am not aware tt^t any insti-ument 1: 
been suggested for iimasii/rmg either the Flavour o 
the Odour of bodies which possess such qualities. 

33. Quality of Sounds. — The same is true of thai 
kind of difference in sounds which is peculiarly termed 
their Qiu^ity; that character by which, for instance, 
the sound of a flute differs from that of a hautbois, 
when the note is the samej or a woman's voice &oi^J 

23. Articulate Sounds. — There is also i 
another difference, of which tlie natui-e is still obseu 
but in reducing which to rule, and consequently t 
measure, some progress has nererthetess been i 
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I speak of the differences of sound considered as arti- 
culate. Classifications of the sounds of the usual alpha- 
bets have been frequently proposed ; for instance, that 
which arranges the Consonants in the following groups^: 

Sharp. Flat. Sharp Aspirate. Flat Aspirate. Nasal. 

p b ph (/) bh (v) m 

k g (hard) kh S^ ^ 

t d th (sharp) th (flat) n 

8 z sh zh 

It is easily perceived that the relations of the sounds 
in each of these horizontal lines are analogous; and 
accordingly the rules of derivation and modification of 
words in several languages proceed upon such ana- 
logies. In the same manner the Vowels may be arranged 
in an order depending on their sound. But to make 
such arrangements fixed and indisputable, we ought to 
know the mechanism by which such modifications are 
caused. Instruments have been invented by which 
some of these sounds can be imitated; and if such 
instruments could be made to produce the above 
series of articulate sounds, by connected and regular 
processes, we should find, in the process, a measure of 
the sound produced. This has been in a great degree 
effected for the Yowels by Professor Willis's artificial 
mode of imitating them. For he finds that if a musical 
reed be made to sound through a cylindrical pipe, we 
obtain by gradually lengthening the cylindrical pipe, 
the series of vowels i, e, a, o, u, with intermediate 
sounds ^^. In this instrument, then, the length of the 
pipe would determine the vowel, and might be used 
numerically to express it. Such an instrument so 
employed would be a measure of vowel quality, and 
might be called a Pldhongometer, 

Our business at present, however, is not with instru- 
ments which might be devised for measuring sensible 
qualities, but with those which have been so used, 
and have thus been the basis of the sciences in which 
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imch qualities are treated of; and this we liaTe now 
done sufficiently for our present purpose. 

24. There is another Idea whidi, though hitherto 
very vaguely entertained, has had considerable influ- 
ence in the formation, both of the sciences spoken of 
in the present Book, and on others which will here- 
after come under our notice: namelv, the Idea of 
Polarity. This Idea will be the subject of the ensuing 
Book. And although this Idea forms a part of the 
Vjasis of various other extensive portions of science, as 
Of/tics and Chemistry, it occupies so peculiarly con- 
sjncuous a place in speculations belonging to what I 
have termed the Mechanico-Chemical Sciences, (Mag- 
netism and Electricity,) that I shall designate the dis- 
cussion of the Idea of Polarity as the Philosophy of 
those Sciences. 
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En donnant k ces cdt^ le nom depolet, j'appelerai polarUation 
la modification qui donne k la lumi^re des propri^t^ relatives k 
ces poles. J'ai tard^ jusqn'k pr^ent k admettre ce terme dans 
la description des ph^nom^nes physiques dont il est question ; je 
n'ai pas os^ Tintroduire dans les m^moires oh j'ai public mes 
demi^res experiences; mais les vari^t^ qu'ofi&e ce nouYeau 
ph^nom^ne, et la difficult^ de les d^crire, me forcent k admettre 
cette nouvelle expression, qui signifie simplement la modification 
que la lumi^re a subie en acqu^rant de nouYelles propriety qui 
ne sont pas relatives k la direction du rayon, mais seulement k 
ses cdt^s consid^r^s k angles droits et dans un plan perpendicu- 
laire k sa direction. 

MaluB (1811), M^m. de Inst, torn. xi. p. 106. 



BOOK V. 



THE PHILOSOPHY OF THE MECHAKICO-OHEMIOAL 

SCIENCES. 



CHAPTER I. 



Attempts at the Scientific application of the 

Idea of Polakity. 



I. TN some of the meclianical sciences, as Magnet- 
X ism and Optics, the phenomena are found to de- 
pend upon position (the position of the magnet, or of 
the ray of light,) in a peculiar alternate manner. This 
dependence, as it was first apprehended, was repre- 
sented by means of certain conceptions of space and 
force, as for instance by considering the two Poles of a 
magnet. But in all such modes of representing these 
alternations by the conceptions borrowed from other 
ideas, a closer examination detected something super- 
fluous and something defective ; and in proportion as 
the view which philosophers took of this relation was 
gradually purified from these incongruous elements, 
and was rendered more general and abstract by the 
discovery of analogous properties in new cases, it was 
perceived that the relation could not be adequately 
apprehended without considering it as involving a 
peculiar and independent Idea, which we may designate 
by the term Pola/rity, 

We shall trace some of the forms in which this Idea 
has manifested itself in the history of science. In 
doing so we shall not begin, as in other Books of this 
work we have done, by speaking of the notion as it is 



360 OF THK MBCHAJriCO-CHKMICAL SCTBSCES. 

employed in common use : for the relfttioa of Polarity 
U of so abstract and technical a nature, that it is not 
employed, at least in any distinct and obvious manno', 
on any ordinary or practical occasions. The ides 
belongs peculiarly to the re^on of speculation : in 
persons of conuuon habits of thought it ia pro1»Uy 
almost or quite undeveloped; and even most of tboaa 
whose minds liave been long occupied by science, find 
a difficulty in apprehending it in its full generality 
and abstraction, and atript of all irrelevant hypothesis. 

3. Magnetism. — The name and the notion of Poles 
were first adopted in the csise of a magneto If we 
have two magnets, their extremities attract and repel 
each other alternatively. If the first end of the one 
attract the first end of the other, it repels the second 
end, and conversely. In order to espreaa this mla 
conveniently, the two ends of each magnet are called 
the Twrth pole and the soalh pole respectively, Uie 
denominations being borrowed from the poles of the 
earth and heavens. 'These poles,' as Gilbert says', 
' regulate the motions of the celestial spheres and of 
the eartL In like manner the magnet has its poles, 
a northern and a southern one ; certain and determined 
poibts constituted by nature in the stone, the primaiy I 
terms of its motions and effects, the limits and gO' I 
vemors of many actions and virtues.' 

The nature of the opposition of properties of which | 
we speak may be stated thus : 

The North pole 
pole of another magnet. 

The North pole of 01 
of another magnet. 

"" " ■" ' " 6 magnet repels the South pcde 1 



« 



e magnet attracts the South 
e magnet repels the North pole J 



3 magnet aUraeta the North \ 



The South pole 
of another magnet 

The South pole ot on. 
pole of another magnet. 

It will be observed that the contrariety of position I 
which is indicated by putting the South pole for the 
North pole in either magnet, is accompinied by the 

I 0cJifa0ii.Uli.Lc.iil. 
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oppositioii of mecLanical effect which is expressed by 
changing attraction into repiikion and repulsion into 
attractioQ : and thtia we have the general feature of 
Polarity,^A contraet of properties corresponding to a 
contniet of positions. 

3. Electricity. — When the phenomena of Electri- 
city came to be studied, it appeared that they involved 
relations in Bome respects analogous to those of msg- 
netism. 

Two kinda of electricity were distinguished, the 
positive and the negative'; and it appeared that two 
bodies electrized positively, or two electrized nega- 
tively, repelled each other, like two north or two south 
magnetic poles; while a positively and a negatively 
electrized body attracted each other, lite the north 
and south poles of two magnets. In conductors of an 
oblong form, the electricity could easily be made to 
distribute itself so that one end should be positively 
and one end negatively electrized; and then such 
conductoi'S acted on each other exactly as magnets 
would do. 

But in conductors, however electrized, there is no 
peculiar point which can permanently be considered as 
the pole. The distribution of electricity in the con- 
ductor depends upon external circumstances ; and thus, 
although the phenomena offer the general character of 
pdanty — alternative results corresponding to altema^ 
tive positions, — they cannot be referred to poles. Some 
other mode of representing the forces must be adopted 
than that which makes them emanate from permanent 
points as in a magnet. 

The phenomena of attraction and repulsion in elec- 
trized bodies were conveniently represented by means 
of the hypothesis of two electric Jluide, a positive and 
a negative one, which were supposed to be distributed 
in the bodies. Of these fluids, it was supposed that 
each repelled its own parts and attracted those of the 
opposite fluid : and it was found that this hypothesis 
explained all the obvious laws of electric action. Here 
then we have the phenomena of polarization explained 
by a new kind of machinery: — two opposite fluids 
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dumbmed in bodies, and sapphin^ than, so to speak, 
with their pdar forces^ This hjpodiests not onfy exr 
plains ekctrical attiacdco. hot also the^ectiicalqiaik: 
namdr. thus : when two bodies, of which the nei^booF- 
ing sar&ees are chargted with the two opposite fioidsy 
mpproai^ near to each other, the motoai attiacticHi ci 
the flnids beoooies move and move intense, till at last 
the excess of fluid cm the one bodr breaks thioogh the 
air and rn^es to the oth^* bodr. in a iarm aoocMnpa- 
nied br light and nc4se. When this trans&r has taken 
]^ace. the attraction ceases, the poeitrre and the nega- 
tire fluid having neutralized each other. Their effort 
was to unite: and this union being effected, these is 
no longer any £>rce in action. Bodies in their natural 
unexcited condition may be considered as occnped bj 
a combination of the two fluids: and henoe we see 
how the production of either kind of dectricitT is 
necessaribr accompanied with the production of an equi- 
Talent amount of the opposite kind. 

4. Voltaic Electridiy. — Such is the case in Frank- 
linic electricitT, — that which is excited bv the cammon 
electrical machine. In studying Voltaic dectricitT, we 
are led to the conTiction that the fluid which is in a 
condition of momentary equQibriun^ in electrized con- 
ductors, exists in the state of a Curreni in the Tohaic 
circuit. And here we find polar relations of a new 
kind existing among the forces^ Two Tohaic GurrentB 
attract each other when they are moving in the samej 
and repel each other when they are moving in appo- 
site, directions. 

But we find, in addition to these, other polar rda- 
tions of a more abstruse kind, and which the supposi- 
tion of two fluids does not so readily explain. Wat in- 
stance, if such fluids existed, distinct firom each other, 
it might be expected that it would be possible to ex- 
hibit one of them separate from the other. Yet in all 
the phenomena of electromotive currents, we attempt 
in vain to obtain one kind of electricity s^jaratdy. *■ I 
have not,' says Mr. Faraday', 'been able to find a 

* Be$eardus, sxS, 
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single fiict Thich could be adduced to prove the theory 
of two electricities rather than one, in electric cur- 
renta ; or, admitting the bypothesis of two electricities, 
have I been able to perceive the slightest groundB that 
one electricity can be more powerful tljjn the other, — 
or that it can he present without the other, — or that 
it can be varied or in the alightest degree affected 
without a corresponding variation in the other.' 'Thus,' 
ho adds, 'the polar chw:acter of the powers is rigorous 
and complete.' Thus, we too may remark, all the 
superfluous and precarious parts gradually drop off h-oia 
the hypothesis which we devise in order to represent 
polar phenomena; and the abstract notion of Polarity 
— of equal and opposite powers called into existence 
by a common condition — remains unincumbered with 
• extraneous machinery. 

g. Light. — Another very important example of the 
application of the Idea of Polarity is that supplied by 
the diacoveiy of the polarization of light. A ray of 
light may, by various processes, be modified, so that it 
has diiferent properties according to its different sides, 
although this difference is not perceptible by any com- 
mon effects. If, for iastance, a ray thus modified, pass 
perpendicularly through a circular glass, and fiJI upon 
the eye, we may turn the glass round and round in its 
frame, and we shall make no difference in the bright- 
ness of the spot which we see. But if, instead of a 
glass, we look through a longitudinal slice of tonrma- 
line, the spot is alternately dart and bright aa we turn 
the crystal through successive quadrants. Here we 
have a contrast of Properties (dark and hrightl corre- 
sponding to a contrast of positions, (the position of a 
Ime east and west being contrasted with the position 
north and south,) which, as we have said, is the gene- 
ral character of Polarity. It was with a view of express- 
ing this character that the term Polarisalioti was 
originally introduced. Malua was forced by his disco- 
veries into the use of this expression. ' We find,' he 
says, in 1811, 'that light acquires properties which are 
relative only to the sides of the ray, — which are the 
same for the north and south aides of the ray, (using 
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the points of the compaBS for description's sake only,) 
and which are different whan we go from the north 
and Bouth to the east or to the west aides of the ray. 
I shall give the name oi poles to these sidea of the taj, 
and shall call p^a/riaation the modification which gives 
to light these properties relative to these polea. I 
have pvi off hiUierto the admiBsion of this t«rm into 
the description of the physical phenomena with which 
■we have to do : I did not dtwe to introduce it into the 
Memoirs in which I published my last observations : 
but the variety of forms in which this new phenomo- 
non appears, and the difficulty of describing them, 
compel me to admit this new expression ; which signi- 
fies simply the modification which light haa undergone 
in acqiuKng new properties which are not relative to 
the dii-ection of the ray, but only to its sides considered 
at right angles to each other, and in a plane perpendi- 
cular to its direction.' 

The theory which represents light as an emisBion of 
particles was in vogue at the time when Mains pub- 
lished his discoveries; and some of his followers ia 
optical research conceived that the phenomena whioh 
he thus described rendered it necessary to ascribe poled 
and an asia to each particle of light On this hypo- 
thesis, light would be polarized when the axes of all 
the particles were in the same direction: and, mak- 
ing such a supposition, it may easily be conceived 
capable of transmission through a crystal whose axis is 
parallel to that of the luminous particles, and Intrans- 
missible when the axis of the crystal is in a position 
transverse to that of the particles. 

The hypothesis of particles possessing ^Je* is a rude 
and arbitrary assumption, in this as in other cases} 
but it serves to conrey the general notion of polarity, 
which ia the essential feature of the phenomena. The 
term 'polarization of light' haa sometimes been com-< 
plained of in modem times as hypothetical and obscure. 
But the real cause of obscurity was, that the Idea of 
Polarity was, till lately, very imi>erfoctly developed i 
men's minds. As we have seen, the general notion of, 
Polarity ,^-oppo3ite properties in opposite directions, — ■. 



I 



APPLICATION OF THE IDEA OF POLARITY. 365 

csactly deacribea the ctaracter of the optical phe- 
nomena to which the term is applied. 

It is to be recollected that iii optics we never apeak 
of the poles, but of the plane of polarization of a ray. 
The word eidee, which Newton and Malua have used, 
neither of them uppeara to ha.ve been satisfied with; 
Newton, in emploj-ing it, had recourse to the strange 
Gallicism of epeafcing of the coast of usual and of uu- 
usaal refraction of a crystal. 

The modem theory of optics represents the plane of 
polarization of light as depending, not on the poeition 
in which the axes of the luminiferons particles lie, but 
on tie dweetum of those transverse vihraiionB in which 
light conaistB. This theory is, as we have stated in the 
History, recommended by an extraordinary series of 
successes in accounting for the phenomena. And this 
hypothesis of transverse vibrations shows us another 
mechanical mode, (besides the hypothesis of particles 
with axes,) by which we may represent the polarity of 
a ray. But we may remark that the general notion of 
Polarity, as applied to light in such cases, would sub- 
sist, even if the nndulatory theory were rejected. 
The idea is, as we have before said, independent of 
all hypothetical machinery. 

I need not here refer to tha various ways in which 
light may be polarized; as, for instance, by being re- 
flected from the surface of water, or of glass, at certain 
angles, by being transmitted, through crystals, and in 
other ways. In all cases the modification produced, the 
polarization, is identically the same property. Nor need 
■ I mention the various lands of phenomena which ap- 
pear as contrasts in the result; for these are not merely 
light dnd dark, or white and black, but red and green, 
and generally, a colour and its eoTnptementa/ry coloui', 
exhibited in many complex and varied configurations. 
These multiplied modes in which polarized Ught pre- 
sents itself add nothing to the original conception of 
Polarization : and I shall therefore pass on to another 
subject. 

6. Crystailisaticm. — Bodies which are perfectly 
crystallized exhibit the most complete regularity and 
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synunetry of forni ; and this r^ularity not only appears 
in their outward shape, but pervades their whole tex- 
ture, and manifests itself in their cleavage, their 1 
transparency, and in the imiform and determinate I 
optical propertiea which exist in every part, even in the 
smallest fragment of the masa. If we conceive crystaJs 
as composed of partidea, we must suppose these pgir- 
ticlea to be arranged in the most regular manner; for 1 
example, ii' we suppose each particle to have an axia, 
we must suppose all these axea to be parallel; for the | 
direction ol' the axia of the particles is indicated by 
the physical and optical properties of the crystal, and 
therefore this direction must be the same for every 
portion of the crystal This j^arallelism of the axea. J 
of the particles may be conceived to result from ths J 
circumstance of each particle having poles, the opposite I 
poles attracting each other. In virtue of forces acting 1 
as this hypothesis assumes, a ooUection of small mag' I 
netic puticlea would arrange themselves in parallel 1 
positions; and such a collectioa of magnetic particles 1 
offers a sort of image of a crystal. Thus we are led J 
to conceive the particles of crystals as polarized, and I 
as determined in their crystalline positions by polar I 
ibroffl. This mode of apprehending the constitution of I 
crystals haa been adopted by some of our most emi- K 
nent philosophers. Thus Berzelius says', ' It ia de- ) 
monstrated, that the regular forma of bodies presuppose 
an effort of their atoms to touch each other by pre- 
ference in certain points; that is, they are founded 1 
upon a Polarity;' — he adds, 'a polarity which can b 
no other than an electric or magnetic polarity' Inrl 
this latter clause we have the identity of different kinds \ 
of polarity asserted ; a principle winch we shali speak | 
of in the next chapter. But we may remai-k, that j 
even without dwelling upon this connexion, any' 
notion which we can form of the structure of Crystds | 
necessarily involves the idea of Polarity, Whether 
this polarity necessarily requires ua to believe ciystala 1 
to be composed of Atoms which exert an effort to touch | 
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other in certain points by preference, is another 
question. And, iu agreement with what has been 
said respecting other kinds of polarity, we ahail 
probably find, on a more profound examination of the 
subject, that while the Idea of Polarityis essential, the 
machinety by which it is thus expressed is precarioiia 
und superfluous. 

7. Chemical A^ffmity. — We shall have, in the next 
Book, to speak of Chemical Affinity at some length; 
but since the idtimate views to which philosophers 
have been led, induce them to consider the forces 
of Affinity us Polar Forces, we must enum.erate these 
among the examples of Polarity. In chemical pro- 
cesses, opposites tend to unite, and to Deutralize each 
other by their union. Thus an acid or an alkali 
combine with vehemence, and form a compound, a 
neutral salt, which is neither a«id nor idkaline. 

This conception of contrariety and mutual neutrali- 
zation, involves the Idea of Polarity. In the concep- 
tion as entertained by the earlier chemists, the Idea 
enters very obscurely : but in the attempts which have 
more recently been made to connect this relation (of 
acid and base), with other relations, the chemical 
elements have been conceived as composed of particles 
which possess poles; like poles repelling, and urdika 
attracting each other, as they do in magnetic and 
electric phenomena. This is, however, a rude and ar- 
bitrary way of expreaaing Polaiity, and, as may be 
easily shown, involves many difficidtiea which do not 
belong to the Idea itself. Mr. Faraday, who has been 
led by his researehea to a conviction of the polar nature 
of the forces of chemical affinity, has expressed their 
character in a more general manner, and without any 
of the machinery of particles indued with poles. Ac- 
cording to his view, chemical synthesis and analysis 
must always be conceived as tflhriii; place in virtue of 
equal and opposite forces, by which the particles are 
united' or separated. These forces, by the very oir- 
cimastance of their being polar, may be transferred 
from point to point. For if we conceive a string of 
particles, and if the positive force of the first particle 
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be liberated and brought into action, its negative force 1 
also must be set &ee ; this negative force neutralizea J 
the positiTe force of the next partLcle, and therefore I 
the negafciTe force of thia particle (before employed ii 
neutralizing its positive force) is set free : thia is ii 
the same way traasferreii to the next particle, and so I 
on. And thus we have a positive force active at one I 
extremity of ■& line of particlea, corresponding to » I 
negative force at the other extremity, all the interme- I 
diate particles reciprocally neutraliEing each other'a 
ftction. This conception of the transfer of chemical 
action was indeed at an earlier period introduced by 
Grotthus*, and confirmed by Davy. But in Mr. Fara- 
day's hands we see it divested of all that is super- 1 
flaous, and spoken of, not as a line of particles, but hs 'J 
' an axis of power, having [at every point] contraxT'l 
forces, exactly equal, in opposite directions.' 1 

8. General Remarks. — Thus, as we see, the notion 
of Polarity is applicable to many large classes of phe- 
nomena. Yet the Idea in a distinct and general form 
is only of late growth among philosophers. It has 
gradually been abstracted and refined from many ex- 
traneous hypotheses which were at first supposed to be I 
essential to it. We have noticed some of tiieae hypo- I 
theses ; — as the poles of a body; the polos of the p< 
cleg of a fluid; two opposite fluids; a single fluii 
exeesg and deject; transverse vihrations. To t 
others might be added. Thus Dr. Front" asmunea that | 
the polarity of molecules results from their rotation o 
their axes, the opposite motions of contiguous molecules 1 
being the cause of opposite (positive and n^^tive) I 
polarities. 1 

But none of these hypotheses can be proved by ths | 
fact of Polarity alone; and they have been in sucoesffloaj 
rejected when they had been assumed on that ground. I 
Thus Davy, in i8z6, speaking of chemical forces says', I 
'In assuming the idea of two ethereal, subtile, elastic 1 
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fluids, attractive of the particles of each other, and 
repulaive as to their own paiticies, caiMible of combin- 
ing in difierent proportionis with hodiea, and according 
to their proportions giving them their specific (jualitiea 
and rendering them equivalent masaea, it would be 
natural to refer the action of the poles to the repul- 
sions of the substances combined with the excess of 
one fluid, and the attractions of those united to the 
excess of the other fluid; and a history of the pheno- 
mena, not unsatisfactory to the reason, might in this 
way be made out. But as it is possible likewise to 
take an entirely different view of the subject, on the 
idea of the dependence of the results upon the primary 
attractive powei-s of the parts of the combination on 
a single subtile fluid, I shall not enter into any discus- 
sion on this obscure part of the theoiy.' Which of 
these theories will best represent the case, will depend 
upon the conaidei-ation of other facts, in combination 
with the polar phenomena, as we see in the histoiy of 
optical theory. In lite manner Mr. Faraday proved 
by experiment' the errour of all theories whicji ascribe 
electro-chemical decomposition to the attraction of the 
poles of the voltaic battery. 

In order that they may distinctly image to them- 
selves the Idea of Polarity, men clothe it in some of 
the forma of machinery above spoken of; yet every 
new attempt shows them the unnecessary difiiculties 
iu which they thus involve themselves. But on the 
other hand it is difficult to apprehend this Idea di- 
vested of all machinery; and to entertain it in such a 
form that it shall apply at the same time to magnetism 
and electricity, galvaniem and chemistry, crystalline 
atructure and light. The Idea of Polarity becomes 
most pure and genuine, when we entirely reject the 
conception of Poles, as Faraday has taught us to do in 
considering electro- chemical decomposition; but it is 
only by degrees and by effort that we can reach this 
point of abstraction and generality. 
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9. There is one other remark which we may here 
make. It was a maxim commonly received in the an- 
cient schools of philosophy, that 'like attracts Like:' 
but as we have seen, the universal maxim of Polar Phe- 
nomena is, that Like repels Like, and attracts Unlike. 
The north pole attracts the south pole, the positive 
fluid attracts the negative fluid; opposite elements 
rush together; opposite motions reduce each other to 
rest. The permanent and stable course of things is 
that which results from the balance and neutralization 
of contrary tendencies. Nature is constantly labouring 
after repose by the effect of such tendencies ; and so 
far as Polar Forces enter into her economy, she seeks 
harmony by means of discord, and unity by opposition. 

Although the Idea of Polarity is as yet somewhat 
vague and obscure, even in the minds of the cultivators 
of physical science, it has nevertheless given birth to 
some general principles which have been a<;cepted as 
evident, and have had great influence on the progress 
of science. These we shall now consider. 



CHAPTER ir. 
Op tbe Con'kexion of Polarttie 



I. XT has appeared in tbe preceding chapter that in 
J. caaea m which tlie phenomena, suggest to ua the 
idea oi' Fularity, we ore alao led to assume some mate- 
rial machinSy aa the m,ode in which the polar foi^cea 
are exerted. We assume, for instance, globular parti- 
cles wbicb possess polea, or tbe Tibratioiis of a fluid, or 
two fluids attracting each other; in every case, in 
short, some hypothesis by which tbe esistence and 
operation of tbe Polarity is embodied in geometrical 
and mechanical properties of a medium ; nor ia it pos- 
sible for us to avoid proceeding upon the conviction 
that some such hypothecs must be true; although the 
nature of tbe connexion between tbe mechanism and 
tbe phenomena must still be indefinite and arbitrary. 

But since each class of Polar Phenomena is thus 
referred to an ulterior cause, of which we know no 
more thr\n that it has a polar character, it follows that 
different Polarities may result fi-om the sunw cause 
manifesting its polar character under different aspects. 
Taking, for example, tbe hypothesis of globular par- 
ticles, if electricity result from an action dependent 
upoa-ihe poles of each globule, magnetism may depend 
upon an action in the equator of each globule; or 
taking tbe supposition of transverse vibrations, if polar- 
ized light result directly from snob vibrationa, crystal- 
lization may have reference to the aaX3 of the elasticity 
of the medium by which the vibrations are rendered 
transverse,^ — so fer aa the polar character only of the 
phenomena is to be accounted for. I say this ma;/ be 
so, in 30 /ar only aa tbe polar character of tbe phe- 
concerned ; for whether the relation of 
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electricity to magnetism, nr of crystalline forces to liglit, 
can really be explained by snch hypotheses, rer 
be deterniiiied by the fecta themselves. But since the 
Siet necessiu-y feature of the hypothesis is, that it shall 
give polarity, and since an hypothesis which does this, 
may, by ita mathematical relations, give polarities of 
different Hnda and in different directions, any two 
co-existent kinds of polarity may result from the same 
cause, manifesting itself in various manners. 

The conclusion to which we are led by these general 
oonsiderationa is, that two co-existing classes of polai- 
phenomena may be effects of the same cause. But 
those who have studied such phenomena more deeply 
and attentively have, in most or in all cafeea, arrived 
at tiie conviction that the various kinds of Polarity in 
such cases mu^t be connected and iiindam en tally iden- 
tical. As this conviction has exercised a gi-eat influ- 
ence, both upon the discoveries of new facts and upon 
the theoretical speculations of modem philosophers, 
and has been put forwaiii by some writers as a univer- 
sal principle of science, I will consider some of the 
cases in which it has been tlius applied. 

2. Connexion of Magnetic and Electrie Polariiy. — 
The polar phenomena of electricity and magnetism are 
clearly analogous in their laws: and obvious facts 
showed at an early period that there was some con- 
nexion between the two agencies. Attempts were 
made to establish an evident and definite relation 
between the two kinds of force, which attempts pro- 
ceeded upon the principle now imder consideration ; — 
namely, that in such cases, the two feindB of Polarity 
must be connected. Professor (Ersted, of Copenhagen, 
was one of those who made many trials founded upon 
tiiis conviction : yet all these were long unsuccessful. 
At length, in 1820, he discovered that a galvanic cur- 
rent, passing at right angles near to a magnetic needle, 
exercises upon it a powerful deflecting force. The con- 
nexion once detected between magnetism and galva- 
nism was soon recognized as constant and imiversal. 
It was repr^ented in different hypothetical modes by 
different persons; some considering the galvanic cur- 
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rent as the primitive axis, and the magnet a& consti- 
tuted of galvanic currente passing round it at right 
HJigles to the magaetic axis; while others conceived 
the magnetic axis as ike primitive one, and the electric 
current na implying a magnetic current round the 
wire. So far aa many of the general reiationa of these 
two kinds of force were concerned, either mode of 
representation served to express them; and thus the 
assumption that the two Polarities, the magnetic and 
the electric, were fundamentally identical, was verified, 
so far aa the phenomena of magnetic attraction, and the 
like, were concerned. 

I need not here mention how this was further con- 
finned by the experiments in which, by means of the 
forces thus brought into view, a galvanic wire waa 
made to revolve round a magnet, and a magnet round 
a galvanic wirej^in which artificial magnets were 
constructed of coils of galvanic wire ; — and finally, in 
which the galvanic spark was obtained from the mag' 
net. The identity which sagaciouB speculators had 
divined even before it was discovered, and which 
they had seen to be universal as soon as it was brought 
to light, was completely manifested in every imagina- 
ble form. 

The relation of the electidc and magnetic Polarities 
was found to be, that they were tranmerse to each 
other, and this relation exliibited tmder various condi- 
tions of form and position of the apparatus, gave rise 
to veiy cnrious and unexpected perplexities. The de- 
gree of complication which this relation may occasion, 
may be judged of &om the number of constructions 
and modes of conception offered by CErsted, Wollaston, 
Faraday, and others, for the purpose of framing a 
technical memory of the results. The magnetic polarity 
gives us the north and south poles of the needle; the 
electric polarity makes the current positive and n^^ 
tive; and these pairs of oppoaitea are connected by 
relations of situation, as above and below, right and 
left ; and give rise to the resulting motion of the needle 
one way or the other. 
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3. AnipAro, by framing his hypotheses of the action I 
of rult&ic currimtH and the constitution of mAgnet^ 
reduced all these technical nilea to rigorcpus dedtictdons 
from (me general principle. And thus the vague and 
obicure perenaflirm that there miist be gorne connexion 
between Electricity and Magnetism, so long an idle and 
barren conjecture, wa« unfolded into a complete theory, J 
BGconUng to which magnetic and eleetromotive actions I 
are only two different manifestations of the same forees j 1 
and all the above-mentionetl complex relations of poUk- 1 
ritioi are reduced to one Ringle pohLrity, that of the I 
electro-dynamic current. 

4. Ab the Idea of Polarity was thus firmly ( 
bliahed and clearly developed, it became an instrument 1 
of reasoning. Thus it led Ampdre to maintain that I 
the original or elementary forces in electro-dynamic I 
action could not be afi M. Blot thought they were, a [ 
statical couple, but must be directly opposite to each 
otiier. The same idea enabled Mr. Faraday to cany 
on with confidence such reasonings as the following' : 
'TSo other known power has like direction with t^t 
exerted between an electric current and 
pole ; it is tangential, while all other forces acting at 

a distance are direct. Hence if a magnetic pole on 
one side of a revolving plate follow its course by rea- 
son of its obedience to the tangential force exerted 
upon it by the very current of electricity which it has 
iteelf caused j a similar pole on the other aide of the 
plate should immediately set it firee fi-om this force; for 
the currents which have to be formed by the two polea 
are in contrary directions.' And in Ajticle 1114 of 
hia Researches, the same eminent philosopher infers 
that if electricity and magnetism are considered as the 
results of a peculiar agent or condition, exerted in 
determinate directions perpendicular to each other, one 
must be by some means convertible into the other; and 
iHaa he was afterwards able to prove to be the case in 
fact 
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Thus the principle that the Co-exiatent Polarities of 
magnetism and electricity are connected and funda- 
mentally identical, is not only tnie, but is far from 
being either vague or barren. It has been a fertile 
source both of theories which have, at present, a very 
great probability, and of the discovery of new and 
atriking &cta. We proceed to consider other aimilai- 
caaea. 

5. Connexion oj Electrical and Chemical Polari- 
liee. — The doctrine that the chemical forces by wLicli 
the elements of bodies are held together or xeparated, 
are identical with the polar forces of eleotiicity, is a 
great discovery of modern times; so great and so 
recent, indeed, that probably men of science in general 
have hardly yet obtained a clear view and firm hold of 
this truth. This doctrine is now, however, entirely 
established in the minds of the moat profound and 
philosophical chemists of our tima The complete 
development and confirmation of this as of other great 
truths, was preceded by more vague and confused opi- 
nions gradually tending to this point; and the progress 
of thought and of research was impelled and guided, in 
this aa in similar cases, by the persuasion that those 
QO-existent polarities could not fail to be closely con- 
nected with each other. While the ultimate and exact 
theory to which previous incomplete and transitory 
theories tended is still so new and bo unfamiliar, it 
must needs be a matter of difficulty and responsibility 
for a common reader to describe the steps by which 
truth has advanced from point to point. I shall, there- 
fore, in doing this, guide myself mainly by the histori- 
cal sketches of the progress of this great theory, which, 
fortunately for us, have been given us by the two phi- 
losophers who have played by far the most important 
parts in the discovery, Davy and Faraday. 

It will be observed that we are concerned here with 
the progress of theory, and not of experiment, except 
so fiir as it is confirmatory of theory. In Davy's 
Memoir' of 1826, on the Relations of Electrical and 

• Fha. Train. i3i6, p, 3S> 
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Chemical Changes, he gives the historical details to 
which I have aUuded. AJready ia 1802 he had c 
jectured that ail chemical deoomjioaitions might be 
polar. In 1806 he attempted to confirm this conjec- 
ture, and succeeded, to his own satisfaction, in estab- 
lishing^ that the combinations and decompositiaas hj 
dectricity were referable to the law of electrical attrac- 
tions and repulsions ; and advanced the hyputhesda (as 
he calls it), that chemical and electrical attractions were 
produced by the same cause, acting in one cas 
pai-ticlea, in the other on masses. This hypothesit 
most strikingly confirmed by the author's being able to 
use eteotrical agency aa a more powerful means of 
chemical decomposition than any which had yet been 
applied. ' Believing,' he adds, 'that our philosophical 
systems are exceedingly imperfect, I never attached 
much importance to this hypotheais; but having 
formed it after a copious induction of facts, and having 
gained by the application of it a number of practicai 
results, a.nd considering myself as much the author of 
it as I was of the decompoaition of the alkalies, and 
having develojied it in an elementary work as fer as 
the present state of chemistry seemed to allow, I have 
never,' he says, ' criticised or examined the manner 
in which different authors have adopted or explained 
it, contented, if in the hands of others, it assisted the 
arrangements of chemistry or mineralogy, or became 
an instrument of discovery.' When the doctrine had 
found an extensive acceptance among chemists, at- 
tempts were made to show that it had been asserted 
by earlier writers : and though Davy justly denies all 
value to these pretended anticipations, they serve to 
show, however dimly, the working of that conviction 
of the Connexion of Co-existent Properties which all 
along presided in men's minds during this courBe of 
investigatioa ' Eitter and Winterl have been quoted,' 
Davy says', ' among other persons, as having imagined 
or anticipated the relation between electrical powers 
and chemical affinities before the diacoveiy of the pile 

> Pha. Tratie. 1B36, p. j8^ • Ibid. p. 384. 
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of Volta. But whoever will read with attention 
Ritter's " Evidence that Galvanic action exists in or- 
ganised nttture," and Winter's Prolumon«s ad Chemiam 
aceculi tlechm noni, will find nothing to justify this 
opinion.' He then refers to the Queries of Newton at 
the end of his Optics, ' These,' he 8aya, ' contaia more 
grand and speculative views that might be brought to 
bear upon this question than any found in the works 
of modem eleetriciansj but it is very unjust to the 
experimentalists who by the laborious application of 
new instruments, have discovered novel facte and 
analogies, to refer them to any such suppositions as 
that all attractions, chemical, electrical, magnetical, 
and gravitative, may depend upon the same cause.' It 
is perfectly true, iJiat such vague opinions, though 
arising from that tendency to genenilia! which is the 
essence of science, are of no value except so lar as they 
are both rendered intelligible, and confirmed by experi- 
mental research. 

The phenomena of chemical decomposition by means 
of the voltaic pUe, however, led other persons to views 
very similar to those of Davy, Thus Grotthus in 1805' 
published an hypothesis of the same kind. ' The pUe 
of Volta,' he says, ' is an electrical magnet, of which 
each element, that is, each pair of plates, has a, positive 
and a negative pole. The consideration of this polarity 
suggested to me the idea that a similar polarity may 
come into play between the elementary particles of 
water when acted upon by the same electrical agent; 
and I avow that tins thought was for me a flash of 
light.' 

6. The thought, howerer, though thus brought into 
being, was very far from being as yet freed from vague- 
ness, superfluities, and errours. I have elsewhere 
noticed" Faraday's remark on Davy's celebrated Me- 
moir of 1 8o6 ; that ' the mode of action by which the 
effects take place is stated very generally, so generally, 
indeed, that probably a dozen precise schemes of elec- 
tro-chemic£d action might be drawn up, difi'ering essen- 
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tuJly finom each other, yet aD agreeing with the state- 
moit there given.' Wh^i Davy and others proceeded 
to give a little more definitoiess and precision to the 
statem^at of th^ Tiews, they socm inti:t)diiced into 
the theonr features whidi it was aftorwards found 
neeessazT to abandon, lliiis' both Daxy, Chnotthus, 
Kiffiralty and Chom{»€, asoibed dectrical decompo- 
siticai to the action of the pdeft and some of them 
eTOi pretended to assign the pno^portion in which the 
force of the pole diminishes as the distance from it 
inoreasesL FaradaT^ as I hare ahreadv stated, showed 
that the polarity most be considered as residing not 
onhr in wiiat had till thai betai called the polesj bnt 
at erery pcdnt erf" the curcoit. He ascribed* dectro- 
chonical decoonpodticai to internal forces. lading in 
the pariieief ci the matter under decompositico, not 
to external fcat<es» exorted by the poles^ Hence he 
shurdy afterwards* proposed to r^ect the word poles 
ahog^th^. and to employ instead, the term eleicirodef 
meaning the Awrs or passages (d whatever suAce 
lonned) by w^iich the decomposed ekottents pass out^ 
What have been called the jHWtltfv and me^atire poles 
he further tarmed the Amode and CmAodf; and he in- 
troduced some other changes in nomendatiire ccn- 
necied with these. He thoi^ as I have related in 
the Hftorr^. invented the Toka-dedrcwfteler, whidi 
enabkd him to measure the quantity of vohaic aeticau 
and this he found to be identical with the quantity of 
chemical affinitv : and he was thus led to the deaorest 
view of the truth toward which he and hk piedeees- 
sois had so long been travdHng^ that dectncsd and 
chemical forces are identicsal^\ 

7. It will, perhaqp^y be said that thk beautzfol train 
of dkcovefy w:is entiidy due to expeiiment^ and no4 
to any m j^rwri convietkn that co-exibtent 
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must be connected. I tniat I Iiave sufficiently stated 
that Buch an a priori principle could not be proved, 
nor even understood, without a most laborious and 
enlightened uae of experinient; tut yet I think that 
the doctrine, when once fully unfolded, exhibited 
clearly, and established as true, lakes posseasioa of 
the mind with a more entire conviction of its certainty 
and universality, in virtue of the principle we are now 
considering. When the theory has assumed so simple 
a form, it appears to derive immense probability (to 
say the least) from its simplicity. Like the laws 
of motion, when stated in its most general form, it 
appears to carry ■with it its own evidence. And thus 
this great theory borrows something of its character 
irom the Ideas which it involves, as well as from the 
Experiments by which it was established. 

8. We may find in many of Mr, Faraday's sub- 
sequent reasonings, clear evidence that this idea of the 
Connexion of Polarities, aa now developed, ia not limited 
in its application to fiicts already known experinient- 
ally, but, like other ideas, determines the philosopher's 
researches into the unknown, and gives us the^^ni. of 
knowledge even before we possess the maCfer. Thus, 
he aaya, in his Thirteenth Series ", '1 have long sought, 
and still seek, for an effect or condition which shall be 
to statical electricity what magnetic force is to current 
electricity; for as the lines of discharge are associated 
with a certain transveree effect, so it appeai-ed to me 
impossible but that the lines of tension or of inductive 
action, which of neocBsity precede the discharge, should 
also have their correspondent transverse condition or 
effect' Other similar passages might be feund. 

I wiU. now consider another case to which we may 
apply the Principle of Connected Polarities. 

9. Cmmexiim of Chemical and Grystalline PolcmtieB. 
— The close connexion between the Chemical Affinity 
and the CryBtalline Attraction of elements cannot be 
overlooked. Bodies never crystallize hut when their 
elements combine chemically; and solid bodies which 
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combine, when they do it most completely and exai;tlj, 
also ciyatallize. The forces which hold together the 
elements of a. ctysta] of aJum are the sarao forces 
which malce it a crystal. There is no distinguishing 
between the two sets of forces. 

Both chemical and eryatalline forces are polar, as we 
Btated in the hist chapter; but the polarity in the two 
cases is of a different kind. The polarity of chemical 
forces ia then put in the most distinct form, when it is 
identified with electrical polarity ; the polaiity of the 
particles of crystals has reference to their geometjical 
form. And it is clear that these two kinds of polarity 
must be connected. Accordingly, Berzelius expressly 
assata" the necea^ary identity of these two pulurities. 
' The regular forms of bodies suppose a polarity which 
can be no other than an electric or magnetic polarity.' 
This being so seemingly ineyitable, we might expect to 
find the electric forces manifesting some relation to the 
definite directiona of crystalline forma, Mr. Faraday 
tried, but in vain, to detect some such relation. He 
attempted to ascertain " whether a cube of rock crystal 
transmitted the electrical force of tension with different 
intensity along and across the axis of the crystaL In. 
the first specimen there seemed to be some difference; 
but in other experiments, made boti with rock crystal 
and with calc ap^ this difference disappeared. Al- 
though therefore we may venture to assert that there 
must be some very close connexion between electric^ 
and crystalliac forces, we are, as yet, quite ignorant 
what the nature of the connexion is, and in what kind 
of phenomena it will manifest itself 

lo. Ctmnexiyii of Crystalline and Optical Polari- 
ties. — Crystals present to ua (^tical phenomena which 
have a nmnifestly polar character. The double refiac- 
tion, both of uniaxal and of biaxal cryst^s, is aJways 
accompanied with opposite polarization of the two 
rays; and in this and in other ways light is polarized 
in directions dependent upon the axea of the crystalline 
form, that is, on the directions of the polarities of the 

" Baa}/ on Chtmicai Prnp. 1!^ '• Beaeardm. Art. iC^. 
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ctyatalline particles. The identity of these two kinds of 
polarity (crystalline ftnd optioal) is too obvious to need 
insisting on ; and it is not necessary for us here to 
decide by what hypotheaia this identity may most pro- 
perly be represented. We may hereafter perhaps find 
ourselves justified in considering the crystalline forces 
aa determining the datticity of the luminiferous ether 
to be diffei-ent in d^erant directiom within the crystal, 
and thus aa determining the refraction and polarization 
of the light which the crystal trajisiiiits. But at pre- 
sent we merely note this case as an additional example 
of the manifest connexion and fundamental identity of 
two co-existent polarities. 

1 1. Contiexum of Poiaritiea in general. — Thus wa 
find that the Connexion of different kinds of Polarities, 
magnetic, electric, chemica], crystalline, and optical, is 
certain as a truth of experimental science. We liave 
attempted to show further that in the minds of several 
of the most emiaeat discoverers and philosophers, such 
a conviction is something more than a mere empirical 
result: it is a principle) which liiut regulated their 
researchea while it was atill but olMOurely aeon and 
imperfectly unfolded, and has given to their theories 
a character of generality and self-evidwiou which expe- 
rience alone caimot beotow. 

It will, perhaps, be said that thoso dootriniis, — that 
scientific researchea may usefully bo directed by prin- 
ciples in thoiusnlvua vngiie and obscure; — that theories 
may have on evidenoo miperior to and anterior to 
experience ; — are dootrines in tliu highest degree dan- 
gerous, and utterly at varianoo witli the souudeet 
maxims of modern times reapeoting tlie cultivation of 



In the jUMtice and wifidmn of this caution I entirely 
ngrtiD : and nlthmigh I ha^'e tiliuwn thnt this principle 
of the Catmvcuion <i/ l'ol»nlia», rightly interpreted and 
ontul>li»hoil in WMsh oiuie by iixiioiimont, involves pro- 
fouml and oumiimhouNivi) trutluii 1 thiuk it no less 
important tti rtuuark that, at least in the present stage 
of eur knowlt^lgti, wo oiui maku no use of this pi'iiioi- 
plu without talking uarei at tivory atq), to determiuc by 



clear and decisive eKperiments, its proper meaning and 
application. All endeavours to proceed otherwise have 
led, and must lead, to ignorance and confusion. At- 
tempta to deduce from our bare Idea of Polarity, and 
our i'undameutid. convictiona respecting the connexion 
of polarities, theories concerning the forces which 
really exist in nature, can hardly have any other result 
than to bewilder men's minds, and to misdirect their 
efforts. 

So &x, indeed, as this perauaaion of a connexion 
among apparently different kinds of agencies, impels 
m.en, engaged in the pursuit of knowledge, to collect 
observations, to multiply, repeat, and vary Bxperim.enta, 
aud to contemplat« the result of these in all aspects 
and relations, it may be an occaaion of the most import- 
ant discoveries. Accordingly we find that the great 
lawB of phenomena which govern the motions of the 
planets about the sun, were first discovered by Eepler, 
in consequence of hia scrutinizing the recorded obeer- 
vationa with an intense conviction of the existence of 
geometrical and arithmetical harmonies in the solar 
system. Perhaps we may consider the discovery of 
tie connexion of magnetism and electricity by Profes- 
sor (Ersted in 1S20, as an example somewhat of the 
same kindj for he also was a believer in certain com- 
prehensive but undefined relations among the proper- 
ties of bodies; and in consequence of such views enter- 
tained gi-eat admiration for the Prologue to the Che- 
miatry of the Nineteetdk Centuri/, of Winterl, already 
mentioned. M. (Ersted, in 1803, published a summary 
of this work; and in so doing, praised the views of 
Winterl as tar more profound and comprehensive than, 
those of Lavoisier. Soon afterwards a Keview of this 
publication appeared in France", in which it was 
spoken of as a work only fit for the dark ages, and as 
tiie indication of a sect which had for some time 
'ravaged Germany,' and inundated that conntiy with 
extravagant and unintelligible mysticism. It waa, 
therefore, a kind of triumph to M. CErsted to be, after 
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some years' labour, the author of one of the most 
remarkable and fertile physical discoveries of hie time. 

12. It wtm not indeed without some reason that 
certain of the German philosophers were accused of 
dealing in doctrines vast and profound in their aspect, 
but, in reality, indefinite, ambiguous, and inapplicable. 
And the most prominent of such doctrines had refer* 
ence to the principle now under our consideration; 
they reprei^ented the properties of bodies as consisting 
in certain polarities, and professed to deduce, from the 
Tery nature of things, with little or no reference to 
CKperimcnt, the existence and connexion of these pola- 
rities. Thus Schelling, in his Ideas towards a Fhiloso- 
j>Ay o/JVafure, published in 1803, says'", 'Magnetism 
is the universal act of investing Multiplicity with 
Unity; but the universal form of the reduction of 
Multiplicity to Unity is the Line, pure Longitudinal 
Extension : hence li^gnetism is determination of pure 
Longitudinal Extension; and as this manifests itself 
by absolute Cohesion, Magnetism is the determination 
of absolute Cohesion.' And as Magnetism waa, by 
such reasoning, conceived to be proved as a universal 
property of matter, Schelling asserted it to be a con- 
finnation of his views when it was discovered that 
other bodies besides iron are magnetic. In like man- 
ner he used such expressions as the following" ; ' The 
threefold character of the Universa], the Particular, 
and the Indifference of the two,— as expressed in their 
Identity, ia Magnetism, as expressed in their Differ^ 
ence, ia Electricity, and as expressed in the Totality, 
is CheniicaJ Process. Thus these forms are only one 
form; ajid the Chemical Process ia a mere ti'ansfer of 
the three Points of Magnetism into the Triangle of 
Chemistry.' 

It was very natural that the chemists shoidd reiuse 
to acknowledge, in this fanciful and vague language, 
(delivered,. however, it is to be recollected, in 1803,) 
an anticipation of Davy's doctrine of the identity of 
electrical and chemical forces, or of CErsted's electro- 
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magnetic agency. Yet it was porlinpa no leas oatural 
that the author of mich ftsaertiona should look upon every ] 
great etcp in the electro-chemical theory as an illustra^ : 
tion of his own doctrines. Accordingly we find Schel- 
ling welcoming, with 0, due sense of their importance 
the discoveries of Faraday. When he heard of the ' 
exjieriment in which electricity was produced fi 
common magnetism, he festened with enthusiasm upoa ' 
the discovery, even before he knew any of its detail^ 
and proolaimed it at a public meeting of a adeiitific 
hody as one of the most important advances of modern 
science. We have (he thus reasoned) three effects of 
polar forces; — Electro-chemical Decomposition, Elec- 
trical Action, Magnetism. Volta and Davy had con- 
firmed ezi>erimenbJly the identity of the two former 
a^nciea : CErsted showed that a closed voltaic circuit I 
acquired magnetic properties : but in order to exhibit j 
the identity of electric and magnetic action it -waa I 
requisite that electric forces should be extiicated &om 
magnetic. This great step Fai-aday, he remarked, 
had made, in producing the electric spark by means (rf 1 



_^. Although conjectures and assertions of the kind | 
thus put forth by Schalling involve a peraHaaion oi the 
pervading influence and connexion of polarities, which 
persuasion has already been confirmed in many in 
stances, they involve this principle in a manner n 
vague and ambiguoua that it can rarely, in auch i 
form, be of any use or value. Such views of polarity 
can never teach us in what cases we are and in what 
we are not expected to find polar relations ; and indeed 
tend rather to difiiise error and confusion, than to pro- 
mote knowledge. Accordingly we cannot be surprized 
to find auch doctrines put forward by their authors b» 
an evidence of the small value and small necessity of 
experimental science. This is done by the celebrated, 
metaphysician Hegel, in his A'ncycfopiEdiffl". 'Since,' 
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SBya he, 'the plane of incidenoe and of reflection in 
simple reflection ia the same plane, when a second 
reflector is introduced which fiirther diHtrihutes the 
iUumination reflected from the firHt, the position of 
the first plane with respect to the second plane, con- 
taining the direction of the first reflection and of the 
second, has its influence upon the position, illumina- 
tion or darkening of the object as it appears by the 
second reflection. This influence must be the strongest 
when the two planes are what we must call negatiedy 
related to each other : — that is, when they are at right 
angles.' ' But,' be adds, ' when men inier {ae Malua 
has done) from the modification which is produced by 
this situation, in the illumination of the reflection, that 
the molecules of light in themselves, that is, on their 
diflferent aid^, poasesa dlfiereot physical energies; and 
when on this foundation, along with the phenomena of 
entoptical colours therewith connected, a wide laby- 
rinth of the most complex theory is erected; we have 
then one of the moat remarkable examples of the imfer- 
enaes of physics from experiment.' If Hegel's reason- 
ing prove anything, it must prove that polarisation 
.always accompaniea reflection under auch circum- 
stances as he describes : yet all physical philosophers 
know that in the case of metals, in which the reflection 
is most complete, light is not completely polarized at 
any angle; and that in other substances the polarizo' 
tion depends upon various circumstances which show 
how idle ^id inapplicable is the account which he thus 
gives of the property. His self-complacent remark 
about the inferences of physics from experiment, is in- 
tended to recommend by comparison Jus own method 
of considering the nature of ' things in themaelvea ;' a 
mode of obtaining physical truth which had been more 
than exhausted by Aristotle, and out of which no new 
attempts have extracted anything of value since his 

14. Thus the general conclusion to which we are 
led on this subject, is, that the persuasion of the exist- 
ence and Connexion or Identity of various Polarities in 
nature, although very natundly admitted, and in many 



